Impact of Traffic on Ambient Air Quality in Al Ain City – UAE by Bani Hashim, Saleh Mohamed Al Saqaf
United Arab Emirates University
Scholarworks@UAEU
Theses Electronic Theses and Dissertations
6-2010
Impact of Traffic on Ambient Air Quality in Al Ain
City – UAE
Saleh Mohamed Al Saqaf Bani Hashim
Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all_theses
Part of the Environmental Sciences Commons
This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for
inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl.musa@uaeu.ac.ae.
Recommended Citation
Bani Hashim, Saleh Mohamed Al Saqaf, "Impact of Traffic on Ambient Air Quality in Al Ain City – UAE" (2010). Theses. 681.
https://scholarworks.uaeu.ac.ae/all_theses/681
United Arab Elnirates University 
Deanship of Graduate Studies 
M. Sc. Program in Environmental Sciences 
Impact of Traffic on Ambient Air 
Quality in Al Ain City - U AE 
By 
Saleh Mohamed Al Saqaf Barli Hashim 
B. Sc. in Chemical Engineering 
Faculty of Engineering, U.A. E. University (2003) 
A Thesis 
Su bmi tted to 
United Arab Emirates University 
In partial fulfillment of the requirements 
For the Degree of M. Sc. in Environmental Sciences 
June, 2010 
Impuct a/ Traffic an Ambient A ir QuaillY 111 AI Am Cay - UAE 
United Arab Emirates University 
Deanship of Graduate Studies 
M. Sc. Program in Environmental Sciences 
Impact of Traffic on Ambient Air 
Quality in Al Ain City - UAE 
By 
Saleh Mohamed Al Saq af Bani Hashim 
B. Sc. in Chemical Engineering 
Faculty of Engineering, U.A. E. University (2003) 
Supervisor 
Dr. Munjed Maraqa 
Associate Professor, Environmental Engineering 
Civil and Environmental Engineering Department 
Faculty of Engineering, UAE University 
Co-Su pervisor 
Professor Yaser E. Hawas 
Civil and Environmental Engineering Department 
Faculty of Engineering, UAE University 
Director of Roadway, Transportation and Traffic Safety 
Research Center, UAE University 
June, 2010 
I 
rhe hesi of Saleh Mohamed Bani Ha him for the Degree of Master of cience in m'ironmentaJ i approved. 
Examining ommittee Member, Dr. Munjed Maraqa 
. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Examining Committee Member, Dr. Basil Daham 
.................................... c::: . . . . . . . .  ��� ........ ................ . 
Examining Committee Member, Dr. Mohamed Younes 
............................................. ��� .� ........................... . 
Program Director, Dr. Tarek Youssef 
fi . .. 
Acting Dean, College of Science, Prof. ohammed N. Anwar 
United Arab Emirates University 
2009/20 1 0  
Impact a/ Traffic an AmbIent A ir Qualit)' in Al Am City - UAE 
(])eauation 
Tfiis worft is aedicatea to 
(])r. J a6er fEit£Iia )fC Ja6eri 
CE�cutive 9rianaBer Of tfie CEnvironmenta{ Operations 
CEnvironment JlBency-Jl6u C])fia6i (CEJlC])) 
Impact o/Traffic on Ambient A ir Quallt)' in Al A in City - UAE 
Acknowledgement 
All prai e and thank are due to ALLAH. I t  is by his grace that the present 
work is accomplished . 
I would like to e press my special sincere appreciation and grateful thank to 
my direct supervisor Dr. Munjed Maraqa, Civil and Environmental 
Engineering Department, who was so patient and understanding and also for 
his valuable advices, guidance and efforts throughout the study . Also, I 
would like to extend my appreciation to my co-supervisor, Dr. Yaser E. 
Hawas, Civil and Environmental Engineering Department and Director of the 
RTTSRC at the UAE University, for his guidance and support. 
I also owe great thanks to Dr. Jaber Eidha Al Jaberi, Executive Manager of the 
Enviromnental Operations at the Environment Agency-Abu Dhabi (EAD), for 
his great support during my graduate study . In this regard, I gratefully 
acknowledge his permission for the use of the air quality data and other EAD 
staff for their cooperation and assistance during the study, especially Eng. 
Husein Ghani Ali and Eng. Hazem Qawasmeh. 
I do greatly appreciate the help provided by Eng. Faisel Ahmed at the 
RTTSRC for his training on the use of the Synchro software, Dr. Basil Daham 
from the Norwegian Institute for Air Research (NILU), for guiding me on the 
use of the IVE model and Dr. Taoufik Ksiksi, UAE University for his valuable 
help in the statistical analysis. 
I I I  
Impact o/ Traffic on AmbIent A ir Quality in AI  Am Cit)' - UAE 
I would like to thank the RTTSRC at the UAE University and Al Ain 
Iunicipal ity for providing traffic data, Abu Dhabi Statistics Center for 
providing data on registered ehicles, AD OC Distribution Company for 
pro iding data on fuel consumption. 
A very pecial word of thanks is due to my family for their support and 
encouragement, with special thanks to my father Mohamed Al Saqaf and my 
wife for their tangible help and continuous encouragement and support 
throughout this study.  
Finally, I run much obliged and greatly indebted and thankful to H .  H.  Sheikh 
ahyan bin 1abarak Al Nahyan, Minister of Higher Education and 
Chancellor of the UAB University and to all the UAE University staff who 
helped with the administrative work during my graduate studies. 
IV 
Impact a/ Traffic an Ambient A II" Qualll)' In Al  Am CIf), _ UAE 
Abstract 
Road traffic is considered a major source of air pollution in congested areas. 
The number of vehicles in Al Ain city has increased over the last seven year J 
due to population and economic growth. The rapid growth in motor vehicles 
in 1 Ain could contribute to an increased level of urban air pollution that 
may threaten human health, damage ecosystems and influence climate. No 
tud 7 has been conducted to assess the effects of roadway traffic on air 
quality in the city of Al Ain. Such study will further be useful as a baseline for 
future planning and development of the city . Therefore, the present study 
wa de igned to investigate the impact of traffic volume on the ambient air 
quality of AI Ain. 
Data of everal air pollutants including PM10, S02, N02, CO, 03 and HCs 
were collected during 2007-2009, using two fixed air monitoring stations in 
two areas of different traffic congestion levels; one in the downtown area and 
the other in a residential area in Al Ain. The levels of these pollutants were 
compared with Abu Dhabi Air Quality Standards. Also, the relationships 
among these pollutants and between pollutant level and meteorological 
conditions were investigated. 
Data on traffic counts at  the downtown area were collected from the RTTSRC 
at the UAE University . These traffic counts were used to predict the air 
pollutant emissions from traffic volume using Synchro and IVE models. The 
Box Model was then used to estimate ambient pollutant concentration using 
the estimated emissions. Predicted pollutant levels were then compared with 
the actual levels measured at the monitoring stations. 
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The re ults of this study indicate that the concentration levels of most of the 
air pollutants were below Abu Dhabi Air Quality Standard at both stations, 
except for PMlO which exceeded the Abu Dhabi Air Quality Standard many 
time . I t  was also found that there are statistically significant variations in 
pollutants level between the residential and the downtown area. The higher 
pollutants levels at the downtown area are attributed to the influence of road 
traffic volume and other population-related activities. Moreover, the Al Ain 
residential area had better air quality than Al Ain downtown area according 
to the air quality index. I t  was also found that temperature correlates well 
with some air pollutants. 
Thi tudy showed that the traffic in the downtown of Al Ain contributes in 
the range of 1 5 %  to 35% of CO, with an average of 25% .  The traffic also 
contributes in the range of 36% to 69% of NOx, with an average of 57% and it 
contributes only in the range of 0.4% to 0.8% of PMlO, with an average of 0.5% 
levels. The low contribution of traffic to pollutant level (as is the case for CO 
and PMI0) indicates that other sources including commercial activities or open 
burning in nearby farms play a major role in determining the ambient 
concentration of these pollu tants in the downtown of Al Ain. Finally, this 
study indicated the importance to develop a proactive traffic management 
mitigation measures for Al Ain downtown to manage traffic congestions and 
hence improve the air quality .  
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Chapter 1 :  Introduction 
1 .1  Problem definition 
Road traffic i considered a major source of air pollution in congested areas. 
Traffic directly contributes to the emission of primary air pollutants such as 
carbon monoxide (CO) and nitrogen oxide (NO) and in some cases sulphur 
o ides (SO ) and lead (Pb) . Emissions from traffic may also result in the 
formation of secondary pollutants such as ozone (03) and nitrogen dioxide 
( 02) .  On the other hand, traffic may enhance the turbulence of stagnant 
particulates (PMlO) on roads, making them readily available in the breathing 
air. Furthermore, traffic noise is considered as one of the most important 
ources of noise pollution that negatively affects human health as well as the 
disturbance of daily activities (Pathak et al . , 2007) . 
Several tudies have been conducted to correlate air pollutants and traffic 
volume (Siddique, 2004; Han and Naeher, 2006; Lau et al . ,  2008; Xie et al., 
2003; Wang et al., 2009; Oduyemi and Davidson, 1998) . Since most of these 
studies are case-specific, common factors relating the impact of traffic on air 
quality include traffic volume, type of fuel used, and existing meteorological 
conditions. Furthermore, air quality could be indirectly influenced by the 
standard of living as this affects the types and year of vehicle used . 
A review of previous studies in this area indicated that no study has been 
conducted to assess the effects of roadway traffic on air quality in the city of 
Al Ain. Such study will further be useful as a baseline for future planning and 
development of the city . With the currently available fixed air quality 
monitoring stations in the city, it is possible to correlate different
 air 
pollutants with the traffic volume. As such was the overall objective
 of this 
study . 
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1 .2 Obj ectives 
The main objective of this study was to carry out an investigation on the 
Impact of traffic volume on the ambient air qual ity in Al Ain city. The 
sp cific objectives of this study were to: 
• Evaluate the concentration of several air pollutants in the down town and 
re idential area in Al Ain city and compare these levels with air quality 
tandard . 
• Inve tigate possible relationships among different pollutants and between 
pollutant level and meteorological conditions. 
• Correlate between different pollutants level and traffic volume In the 
down town area . 
• Set recommendations for the future developments of Al Ain city .  
1 .3  Scope of work 
The study involved analysis of air pollutant levels measured at  two areas of 
different traffic congestion levels during the period 2007-2009. Measured 
pollutants included carbon monoxide (CO), nitrogen oxides (NOx), sulfur 
dioxide (S02), particulates (PMlO), ozone (03), and hydrocarbons (HCs) such 
as methane (CH4), benzene, toluene, ethyl-benzene, and xylene. In addition, 
meteorological conditions including air temperature, wind speed and wind 
direction were collected for the same period. These measurements were taken 
at two air monitoring fixed stations in Al Ain: one in the downtown area 
(referred to as Al Ain Street Station) and the other in a residential area 
(referred to as AI Ain School Station) . 
2 
Impact o/ Traffic on Ambient A ir Quality in AI A in City - UAE 
The two area vary ignificantly in traffic volume. Pollutant level is measured 
hourly and over a period that captured possible seasonal variations in air 
quality .  Data on traffic counts in the downtown area were obtained from the 
Roadway, Transportation and Traffic Safety Research Center (RTTSRC) at the 
UAE University . Statistical analysis was util ized to determine possible 
functional relationships between measured pollutants levels and traffic 
count . 
1 .4 Approach 
s essment of air quality in Al Ain downtown relied on collection of several 
types of data . The methodology used in this study is outlined in Fig. 1 .1 and is 
described below: 
• Data collection of air pollutants levels from two different locations 
using the Environment Agency- Abu Dhabi (EAD) fixed stations in 
AI Ain.  One station is located in the city downtown (AI Ain Street 
Station) and the other is located in a residential area outside the 
downtown (AI Ain School Station) . 
• Meteorological data were collected from the same stations and 
covered the sampling period. 
• Sampled air quality parameters included CO, N02, S02, 03, PMlO, 
and several hydrocarbons. Sample collection was taken hourly and 
covered periods of seasonal variations (summer and winter) during 
2007-2009. 
• The ambient air quality standard of EAD was util ized to compare 
pollutants level with the recommended standard levels. Meanwhile, 
air quality index (AQI) was util ized as a measure (indicator) of the 
overall quality of the atmosphere in the city .  
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• Traffic volume data were collected from the RTTSRC at the UAE 
University and Al Ain municipality . Traffic counts included only the 
peak hour . 
• The S nchro model and the International Vehicle Emission (IVE) 
model were utilized to estimate emissions of various pollutants 
based on traffic count data in the downtown area. A simple box 
model was then used to estimate the contribution of vehicle 
emissions to ambient pollutant concentration .  This was then allowed 
comparison between predicted pollutants level and the actual 
measurements collected in the field .  
4 
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1 .5  Thesis structure 
The thesis i organized into seven chapters. This chapter describes the 
problem definition, objectives, scope of work and the approach of this study. 
The remaining chapter ar described as follows: 
• Chapter 2 revi ws air pollutants and their sources. Also, it gives 
an overview of the environmental and health impact of air 
pollutants. The applicable international and local legal 
frameworks are addressed and various factors influencing the 
concentration of air pollution in urban areas are identified. 
Commonly used air pollution models are also described in this 
chapter . 
• Chapter 3 gives a description of Al Ain city as well as the land 
uses. Prevailing meteorological conditions in the city are 
highlighted in this chapter. The methodology used for pollutant 
and traffic data collection is also described along with the data 
analysis procedure. 
• Chapter 4 assesses the air quality data collected from the two 
different stations in Al Ain during 2007-2009. Also, it compares 
the pollutants level with air quality standards of Abu Dhabi 
Emirate. In this chapter, temporal and spatial changes in 
pollutant level are discussed and the AQI is used to assess the 
overall quality of the atmosphere in the city during the study 
period .  In addition, the effects of meteorological conditions on 
air pollutants level are presented . 
• Chapter 5 provides a description of the street configuration in 
Al  Ain city .  The chapter highlights fleet characteristics in the 
city, type of fuel used, and other parameters that are significa
nt 
for estimating vehicle emissions. Vehicle growth rate in Al 
Ain 
6 
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i corr lated in this chapter to number of registered vehicles in 
the city and quantity of fuel consumption. Actual and simulated 
traffic data in the city are presented in this chapter. 
• In Chapter 6, the traffic pattern is identified and assessment of 
noise level measured at the two locations is addressed. Also, 
the correlation between different air pollutants level and traffic 
volume in the downtown area of Al Ain is investigated. 
• Chapter 7 summaries the thesis and outlines the findings and 
sets r commendations for future developments of Al Ain city . 
7 
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Chapter 2: Literature Review 
2.1 Air pollutants and their sources 
Air i a mi ture of di££erent gases that represents the atmosphere. The clean, 
dry air at ground level contains about 78% nitrogen ( 2), 21 % oxygen (02), 1 % 
argon (Ar), and 0 .03 %  carbon dioxide (C02) . Also, other trace gases are 
pre ent in the air but they are considered as inert gases (Peavy et al . , 1985) . 
The concentration by volume of each gas in a clean air is given in Table 2.1 .  
On the other hand, air is considered as the most susceptible component of the 
enVIronment subject to pollution. According to Peavy et al .  (1985), "air 
pollution can be defined as the presence in the outdoor atmosphere of one or 
more air contaminants such as dust, fumes, gas, mist, odor, smoke, or vapor 
in sufficient quantities, of such characteristics, and of such duration as to 
threaten to be injurious to human, plant, or animal life or to property, or 
which reasonably interferes with the comfortable enjoyment of life or 
property ." Based on this definition and on Table 2.1,  it is obvious that any 
change in the concentration of the air composition in the way that could a££ect 
the environment is considered as air pollution. 
Table 2.1: Concentration of atmospheric gases in clean, dry air at ground level 
(Peavy et al . ,  1 985). 
Gas 
itrogen (N01) 
Oxygen (02) 
Argon (Ar) 
Carbon dixide (C02) 
eon ( e) 
Helium (He) 
Methane (C�) 
Krypton (Kr) 
Hydrogen (H2) 
Dinitrogen oxide (N20) 
Carbon monoxide (CO) 
Zenon (Xe) 
Ozone (03) 
Ammonia (NH3) 
itrogen dioxide ( 02) 
itric oxide (NO) 
Sulfur dioxide (S02) 
Hydrogen sulfide (H2S) 
Concentration, ppm by volume 
280,000 
209,500 
9,300 
320 
1 8  
5 .2 
1 .5 
1 .0 
0.5 
0.2 
0.1 
0.08 
0.02 
0.006 
0.001 
0.0006 
0.0002 
0.0002 
8 
Concentration, % by vol ume 
78.09 
20.95 
0.93 
0.032 
0.0018 
0.00052 
0.00015 
0.0001 
0.00005 
0.00002 
0.00001 
0.000008 
0.000002 
0.0000006 
0.0000001 
0.00000006 
0.00000002 
0.00000002 
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ir quality i an important environmental issue. It is defined as the statu of 
the atmo phere with respect to the presence of potential pollutants. On the 
other hand, air quality criteria are based on a set of long term goals for the 
pr tection of human health and the environment. I t  is generally evaluated in 
term of whether concentrations of air pollutants are higher or lower than 
ambient air qual ity standards. According to the U .s. Environmental 
Protection Agency (US EPA, 2010), there are six "criteria pollutants" used as 
indicator of air quality .  These pollutants are: particulate matter smaller than 
10 11m (PMlO), which may be liquid or solid, carbon monoxide (CO), nitrogen 
dio 'ide ( 02), sulphur dioxide (502), lead (Pb) and ozone (03) .  High 
concentrations of these air pollutants can have a variety of adverse health 
effects on people as well as impact on the natural environment. 
Air pollution comes from various sources such as transportation, industry, 
and other sources of combustion, as well as natural sources. Transportation is 
considered a major source of air pollution in urbanized areas. Air pollutants, 
on the other hand, may be classified into either primary or secondary 
pollutants. Primary air pollutants are those that are emitted directly into the 
atmosphere including sulfur dioxide (502), nitrogen monoxide (NO), carbon 
monoxide (CO), and volatile organic compounds (VOCs) . Based on the 
geographical scale, primary air pollutants can be categorized into point, l ine 
or area sources. Secondary air pollutants are those formed from chemical 
reactions of primary pollutants within the atmosphere and include ozone (03) 
and oxides of nitrogen (N02 and N20) (WHO, 2005) . In this study, the focus 
will be on vehicles emissions and therefore, a l ine source will be applicable for 
investigating the impact of vehicles emissions on ambient air quality .  
Several air pollutants are associated with vehicles including CO and HCs th
at 
result from incomplete combustion of fuels. 502 is also emitted from ve
hicles 
using high sulphur fuels and lead is emitted as a result of using
 leaded fuel . 
9 
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I 0 ehicles emit VOCs either directly from volatilization of a liquid fuel 
( uch a benzene) from the fuel tank or due to incomplete combustion from 
vehicle engine. However, ozone could be formed as a by-product of the 
chemical reactions involving nih'ogen oxides, VOCs and sunlight (Peavy et 
aL 1985). 
At the city scale, the pollutant of greatest concern is CO. However, 
concentrations of this pollutant are typically related to traffic volume and 
congestion along streets and at intersections. In fact, areas of vehicle 
congestion that have the potential to create " pockets" of NOx are called "hot 
spots" which are considered as key indicators for transportation planners. 
2.2 Environmental and health impact of air pollutants 
There are a number of substances present in the air which are commonly 
classified as air pollutants .  These mainly include six pollutants: carbon 
monoxide (CO), nitrogen oxides (NOx), sulphur dioxide (502), particulate 
matter (PMlO), lead (Pb) and ozone (03) .  Depending on the levels and 
exposure duration of these pollutants, they can cause negative impacts on 
human health and may as well have an impact on the surrounding 
environment. 
The effects of the major air pollutants are reviewed below: 
Carbon monoxide (CO) is characterized as a colorless and odorless gas 
which is formed by incomplete combustion of fossil fuels (Han and 
aeher, 2006) . It is highly toxic to humans and animals in higher 
quantities as it can lead to significant toxicity of the central nervous system 
and heart, and even death (Wikipedia, 2010). According to EPC (1998), 
this gas enters the bloodstream through the lungs and reduces oxygen 
delivery to the body's organs and tissues. On the other hand, the health 
threat of this toxic gas in the ambient air is most serious for those who 
1 0 
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suffer from cardiova cular disease such as angina pectoris. Other negative 
impact a sociated with e posure to high CO levels include visual defect, 
reduced work capacity, poor learning ability, and difficulty in performing 
c mple tasks. 
Nitrogen dioxide (N02) is characterized as a brown gas, highly reactive 
ga that is formed in the ambient air through the oxidation of nitric oxide 
( 0). The main sources of man-made NOx emissions are high­
temperature combustion processes such as those that occur in automobiles 
and power plants. This gas is toxic to various humans as well as animals. 
The to icity of this gas relates to its abil ity to form nitric acid with water in 
the e. e, lung, mucus membrane and skin. It also causes respiratory 
problems such as damage of the lung tissues. However, they play a major 
role in the formation of ozone, acid rain, water quality deterioration, 
global warming, and visibility impairment (Siddique, 2006; Ministry for 
the en\ ironment, New Zealand, 2004). 
Ozone (03) is considered as a secondary pollutant which is formed in the 
atmosphere by the reaction of VOCs and NOx in the presence of sunlight, 
which is most abundant in the summer . Exposure to ozone is linked to a 
number of health effects, including significant decrease in lung function, 
inflammation, and increased respiratory symptoms such as cough and 
pain when taking a deep breath. Other than health problems, ozone also 
affects vegetation and ecosystems, leading to reductions in agricultural 
crop and commercial forest yields (WHO, 2005) . 
Sulphur dioxide (502) is formed when fuel containing sulphur is burned 
at vehicle engines. It can cause similar effects of other pollutants on 
d ·  t h cardl· ovascular d isease, respira torv humans an enV lronmen suc as J 
illness and lung disease as well as reduced visibility and contribution to 
1 1  
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acid rain, which is a soda ted with the acidification of soils, lakes, and 
stream and accelerated corrosion of bUildings (Agarwal, 2005) . 
Particulate Matter (PMIO): could be a mixture of solid particles and liquid 
dropl ts found in the air. It can be emitted directly or formed in the 
atmosphere. Primary particles, such as dust from roads or carbon (soot) 
from wood combustion, are emitted directly into the atmosphere. 
Secondary particle are produced in the atmosphere from primary gaseous 
emissions such as sulphates and nitrates which are formed from S02 and 
NOx emissions, respectively (Nriagu, 1992) . At high concentration, 
su pended particulate matter causes health hazards to humans, mainly 
tho e usceptible to respiratory illness. Particles are small enough to pass 
into the lungs and cause several health problems. Several studies have 
been conducted to investigate the health effects of PM, following evidence 
of short term and long term associations between levels of PM and 
mortality and morbidity (Pope et al . ,  1999) . In addition to health problems, 
PM is the main cause of reduced visibil ity in many parts of the world. It 
also can impact vegetation and ecosystems and can cause damage to 
paints and building materials. 
Fine Particulate Matter (PM2.S) : PM2.5 is now regulated as one of the 
criteria pollutants. I t  is considered as an important indicator of risk to 
health from particulate pollution, and might be a better indicator than 
PMI0 for suspended particles in many areas. It is mainly formed by 
chemical reaction between gases such as nitrogen oxides, sulfur dioxide, 
ammonia and volatile organic compounds, but combustion processes may 
also generate primary particles in this size of particulate matter. Its effects 
are larger than PMI0 due to its smaller size which could infiltrate deep in 
the lung tissues. Many scientific studies indicated that the PM2.5 has stro
ng 
association with various respiratory and cardiac effects (Goldbe
rg et al., 
2001; Janssen et al., 2002; Magari et al . ,  2002) . 
1 2  
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2.3 International and local legal framework 
mbi nt air quality standards are defined as maximum allowable levels of air 
pollutants that should not be exceeded during a given time in a defined area 
(Lund, 1 971 ) .  These standards are developed to protect the public health and 
the environment from negative impacts of air pollutants. In fact, all those 
tandards are intended to avoid short term effects and will provide sufficient 
control to avoid the longer term effects of these pollutants. 
There are many international air quality standards and guidelines dealing 
with air quality and noise. The most famous international standards are: the 
US EPA Ambient Air Quality Standards ( AAQS), WHO Guideline values 
and Australia Ambient air quality (NEPM).  These standards are shown in 
Appendi A .  
The primary a im of these guidelines and standards is  to  provide a basis for 
protecting public health from adverse impacts of air pollution. These 
guidelines may be used in planning sectors and different kinds of 
management decisions at community or regional level . On the other hand, 
ambient air quality standards can either be expressed as absolute l imits which 
should not be exceeded, or as percentiles, which allow for occasional 
exceedences over defined time frames. For comparison, the popular 
international air quality standards are grouped into one table as shown in 
Table 2.2 .  Some of the standard values were converted from ppm to Jlg/ m3 
for ease of comparison. From Table 2 .2, it can be seen that the limit values of 
different international standards vary due to different approach adopted for 
balancing health risks, technological feasibility, economic considerations, local 
environment circumstances and other political and social factors. 
1 3  
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Table 2.2: Compari on of international air quality standards (US EPA 2010 ' 
WHO, 2000; WHO, 2005; NEPC, 2010; EC, 2008) 
, I 
Carbon 8-hou r 
1 0  mg/ m3 10 mg/ m) 1 1  mg/ m3 1 0  mg/ m3 
monoxide 1 per ear' 1 per year 
(CO) I -hour 40 mg/m3 30 mg/ m3 
Annual mean 
1 per ear 
85 �g/ m3 56 �g/ m3 
Sulphur U-hour 1 25 �g/ m3 395 �g/ m3 226 �g/ m3 
dioxide 3 per year 1 per ear 1 per year 20 �g/ m3 
(S02) 
I -hour 350 �g/ m3 564 �g/m3 
24 per year 1 per year 
Particulate Annual mean 40 �g/ m3 20 �g/ m3 
matter 
24-hour 50 �g/ m3 1 50 �lg/ m3 50 �lg/ m3 (PMIO) 35 per ear 1 per year 5 per year 50 �g/ m3 
1 20 �g/ m3 
Ozone 8-hour mean 
25 days 1 60 �g/ m3 
(03) averaged 
1 60 �lg/ m3 (4-hou rs), 1 00 �g/ m3 
over 3 years 1 per year 
I -hour 254 �g/ m3 21 1 �g/ m3 
Nitrogen nnual mean 40 �g/ m3 1 00 �g/ m3 61 �g/ m3 40 �lg/ m3 
dioxide I -hou r 200 �g/ m3
 243 �lg/ m3 
(N02) 1 8  per year 203 �g/
m3 
1 per year 
200 �g/ m3 
0.1 5  �g/ m3 
Lead (Pb) Annual mean 0.5 �g/ m3 (Quarterly 0.5 �g/ m3 0.5-1  �g/ m3 
Average) 
umber of e ceedances a llowable per year. 
For international cars emissions standards, previous researches have shown 
lower in permissible l imits of pollutants emitted from the vehicle exhaust in 
many regulations. For example, the NOx European limit has been decreased 
from 7.0 g/kW.hr of Euro2 in year 1996 to 2.0 g/kW.hr of Euro5 in 2008 as 
shown in Table 2.3. 
Table 2.3: European diesel-engine emission standards in g/ kW. h (Ibrahim 
and Bari, 2008) . 
Year Standard CO HCs* NOx PM 
1996 Euro2 4.0 1 .1 7 0.1 5  
2000  Euro3 2.1 0.66 5 
0.1 
2 005 Euro4 1 .5 0.46 3.5 
0 . 02 
2008 Euro5 1 .5 0.46 2 
0.02 
*HC= Hydrocarbons 
In the local framework, environmental issues in the U AE 
are regulated 
through the Federal Law No. (24) of 1999 for the protection 
and development 
of the environment and its execu tive regulations. In a
ddition, each emirate 
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i ue its own regulations which implement the various federal requirements. 
In Abu-Dhabi, the Environment Agency -Abu Dhabi (EAD) has established a 
number of air quality standards including air emission standards and noise 
standards. These standards were revised in 2007 and cover emissions from 
stationary ources, incinerators, ambient air quality and noise. The standards 
related to ambient air quality and noises are l isted in Tables 2.4 and 2.5, 
re pectively. 
On the other hand, vehicles emission standards are applicable only to direct 
emi sions from the vehicle exhaust. Once emitted, air pollutants will disperse 
and may interact with the surroundings. The level of these pollutants in the 
atmosphere becomes subject to comparison with the ambient air quality 
standard. RTTSRC (2009) studied vehicles emission standards in the UAE. 
They noticed that the standard limits vary from one emirate to another. In 
Abu Dhabi, cars emission standards allows up to 4.5% CO and 1200 ppm 
hydrocarbons, while in Dubai, Sharjah and Ajman the l imits are 4 .5% for CO 
and 800ppm for hydrocarbons. However, there are no vehicle emission 
standard limits for Ox or PM as in Europe or US. 
Table 2.4: UAE Ambient Air Quality Standards (FEA, 2006). 
Substance Symbol 
Sulphur dioxide S02 
Carbon monoxide CO 
Nitrogen dioxide N02 
Ozone 03 
Total suspended TSP 
particles 
Particulate matter 
(with 1 0  microns or PMlO 
less in diameter] 
Lead Pb 
Maximum allowable limit 
(J1&,m3) 
350  
1 5 0  
6 0  
30 000  
1 0 000 
400 
1 5 0 
200  
1 2 0 
23 0 
90 
1 5 0 
1 
1 5  
Average 
time 
1 hr 
24 hr 
1 yr 
1 hr 
8 hr 
1 hr 
24 hr 
1 hr 
8 hr 
24 hr 
1 yr 
24 hI' 
1 yr 
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Table 2.5: UAE noise allowable l imits in different E 
(FE , 2006) . 
areas, ecutive Regulation 
Allowable limits for noise level dB " 
Residential Areas in the 
Downtown 
Residential Areas \vhich include 
some workshops and commercial 
busi.ne s or residential areas near 
the highways 
Commercial Areas and Downtown 
IndustrIal Areas (Heavy Industry) 
40 - 50  
45  - 55 
50 - 60 
55 - 65 
60 - 70 
2.4 Previous studies of air quality in the UAE 
30 - 40 
35 - 45 
40 - 5 0  
4 5  - 55 
50  - 60 
Se 'eral studies on the assessment of air quality of particular regions in the 
Abu Dhabi emirate have been carried out. These studies are summarized 
below. 
In 1994, Al-Wasity investigated the level of atmospheric contaminants in Abu 
Dhabi using a mobile air pollution monitoring station. She found that the 
average ambient concentration of PMlO in Al Ain is below the threshold l imit 
value according to the US NAAQS. The author concluded that the sources of 
particulate pollution in Al Ain are mostly natural ones with minor 
contribution of man-made sources, particularly automobile traffic emissions 
and agricultural activities . Furthermore, other air pollutants were found to be 
below the l imits set by the US NAAQS. 
In 1996, Darbool investigated the S02 emissions around the industrial oil 
refinery in both onshore and offshore areas of Abu Dhabi Emirate. He also 
studied CO emission from motor vehicle exhaust and the health risk exposure 
in Al Ain city . He found that the monthly average S02 concentration level was 
below the guidelines given by the WHO of 1 25 �g/ m3 . He also found th
at the 
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level of CO frequently exceeded the AAQS limits. The study revealed that 
factor uch as type and size of car, type or size of cylinder, type of fuet and 
maintaining service of the car, have the greatest influence on the emitted 
amount and concentration of CO. 
Al- idrous (2002) carried out an investigation on the levels of air pollutants 
m Abu Dhabi, and the associated effects on human health. The main finding 
of her tudy was that CO and S02 were below the NAAQS standard limits 
and th proposed standard for Abu Dhabi Emirate. Also, she found that the 
mdustrial area at Mussafah was more polluted than the Al Sallam Street 
commercial area and Al Bateen residential area . Furthermore, she found that 
there was a strong association between increasing ozone levels and patients 
admitted for respiratory diseases and increasing S02 levels with admitted 
patients for non-respiratory diseases. 
EI Haty (2007) studied the assessment of air quality in Al Ain city using 
passive sampling technique and the health effects of air pollutants . He 
concluded that the high number of respiratory system patients in Al Ain 
compared to other cities in the UAE cannot be mainly attributed to the 
monitored air pollutants. He stated that other factors such as windblown sand 
as a source of particulates, some types of pollens, viral and bacterial infections 
and common cold harm the respiratory system. 
2.5 Effects of road traffic on air quality 
Transportation provides people access to goods, services and activities. 
Despite the positive impact of transportation on growth, transportation is 
recognized as a major and growing source of air pollution worldwide. 
According to the United Nations (UN) estimation, over 600 million people in
 
urban areas worldwide were exposed to dangerous levels of traffic gene
rated 
air pollutants (Cacciola et aL 2002) . Currently, the air pollution an
d its public 
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health impact are drawing attention from the environmental agencies, 
environmental health re earch community, industries, as well as the public. 
The morbidity and mortali ty from respiratory and cardiovascular disease are 
cIo ely related to the quality of the air (both indoors and outdoors) . The main 
harmful pollutants mitted from the combustion of petrol or diesel fuels from 
vehicles are CO, Ox, P 110, VOCs and Pb. However, the chemical reactions 
among tho e pollutants produce secondary pollutants such as 03, 02 and 
econdary PM (Han and aeher, 2006) . 
2.5.1 Relevant studies conducted abroad and locally 
Several tudies have been carried out to investigate the effects of road traffic 
emission on urban air quality .  Oduemi and Davidson (1998) investigated the 
effects of road traffic emissions on urban air quality in Dundee city centre, 
UK. The results of the investigation of long-term measurement of N02 and 
traffic flow at four  main sites indicate that the annual mean N02 levels at all 
the tudy sites are below the current EC and WHO long-term air quality 
standards for 02 concentration in the ambient air. These results are 
attributed to the traffic restrictions in protecting the air quality of the city. 
Another study was done by Sharma et al . (2010) to investigate the impact of 
vehicular traffic emissions. The results of their study indicate that urban areas 
of Hyderabad are under considerable influence of emissions from trucks 
operating on d iesel fuel .  Borrego et al . (2000) carried out an investigation on 
the traffic emissions impact on the Lisbon (capital of Portugal) region air 
quality .  The authors found that there is significant impact of traffic emissions 
on the air quali ty of the urban area of Lisbon. In 2008, Lau et al. (2008) 
investigated the effects of roadside vehicle emissions to general air quality in 
Hong Kong. They found that within the urban center of Hong Kong, 
variations in concentrations of different gaseous pollutants are heavily 
influenced by variations in local traffic volume. 
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In the U AE, Darbool (1996) investigated CO emissions from motor vehicles 
e hau t and the health ri k exposure in Al Ain city. He found that the level of 
CO frequently exceed d the AAQS limits. The study also revealed that 
factor such as age and size of car, number of cylinders, type of fuel used, 
maintenance service of the car, have the greatest influence on the amount and 
concentration of CO. 
2.5.2 Factors affecting emissions from vehicle 
There are many factors that influence vehicle emissions in an urban area. 
Several studies have found that characteristics of traffic (Hallmark et al. ,2000; 
Rakha et al . ,  2000; Coelho et al . ,  2003), vehicles (Chang and Yeh, 2006; 
Beydoun and Guldmann, 2006; Kim, 2007 and Wang et al . ,  2008; Darbool, 
1996), street configurations (Rosqvist, 2007; Mandavilli et al . ,  2008; Varhelyi, 
2002) and ambient conditions (Wenzel et al . ,  2000; Joumard and Serie, 1999; 
Swri, 2003) affect the vehicular exhaust emissions. These factors are 
summarized below (Pandian et al . ,  2009) : 
• Traffic characteristics: include the traffic flow rate, fleet speed, queue 
length and mean-delay, driving mode (such as acceleration and 
deceleration speed), vehicular composition and traffic density . 
• Road characteristics: include type of road, type of intersection, speed 
hump. 
• Vehicle characteristics: include type, slze, age of a vehicle, and 
condition of its engine, type and condition of emission control 
equipment, engine characteristics, vehicle maintenance, and weight. 
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2.5.3 Determination of emitted air pollutants from vehicles 
Ther are two different approaches for determination of emitted air pollutants 
from vehicles. The first approach is the actual measurements of vehicles 
emi sions. It include three different types of emissions tests; idle, 
dynamometer and remote sensing. These tests measure emissions under 
different conditions: the idle when stationary, the dynamometer on a roll ing 
road with a set cycle and remote sensing when on-road. Remote sensing 
measures vehicle emissions on road as they pass the monitor using IR and UV 
light at particular wavelengths which is associated with path-averaged 
concentrations of gases (Bishop et al . ,  1989) . Tunnel testing is another 
technique for monitoring emissions from motor vehicles. In a tunnel test, air 
IS ampled at the exit of the tunnel and the flow of both air and vehicles 
through the tunnel is measured (Pierson et al . ,  1 996) . 
Vehicle emission modeling is the second approach of determining vehicle 
emIssions. This approach depends on the emission factors to estimate vehicle 
emissions. Several vehicle emission models were developed to estimate 
vehicle emissions. The most commonly used emissions models are; MOBILE6, 
MOVES2010, lYE, and Synchro models. These models are described below. 
2.5.3.1 MOBILE6 Emission Model 
The MOBILE6 model was developed by the u.s. EPA to estimate motor 
vehicles emission rates . It estimates several types of air pollutants such as 
HCs, CO, NOx, exhaust PM, S02, hazardous air pollutants (HAPs) and C02. 
This model is algorithm-based and incorporates many factors which influence 
emission rate. These factors mainly focus on vehicle performance, fuel quality, 
and travel pattern (EBA, 2003) . 
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2.5.3 .2 MOVES2010 Emission Model 
10 E ( 1otor ehicle Emissions Simulator) is another emission model 
developed by the U EPA to estimate air pollution emissions from mobile 
source . This model can be used to estimate exhaust and evaporative 
emi sions as well as brake and tire wear emissions from all types of on-road 
vehicle .  Compared to Mobile6, MOVES includes new emissions test data 
and account for change in vehicle technology and regulations as well as 
impro ed understanding of in-use emission levels and the factors that 
influence them. Also, it is much more flexible for input and output options 
than 10BILE6 (EPA, 2010) . 
2.5.3.3 International Vehicle Emissions (IVE) model 
The International Vehicle Emissions ( IVE) model is one of the common 
international models used to estimate pollutants emissions from motor 
vehicles in developing countries. It was developed by the International 
Sustainable Systems Research Center and the University of California at 
Riverside and funded by the US EPA. This model is designed to have the 
flexibility needed by developing countries in their efforts to address mobile 
source air emissions. The advantage of this model is that it takes into account 
the different technologies and conditions that exist in most developing 
countries and vehicle driving patterns which may affect the tailpipe emissions 
of vehicles (Hui et al . ,  2007) . 
2.5.3.4 The Synchro Traffic model 
The Synchro traffic model is commonly used in road traffic research and 
transportation planning sector. It is a traffic software program used for 
modeling, optimizing and visualizing traffic networks to analyze capacity and 
timing optimization as well as simulate a wide variety of traffic network of 
signalized and u nsignalized intersections operations (Trafficware, 2007) . It 
also performs micro simulation and animation of vehicular traffic. It is a 
combination of a statistical model of intersection operations and a simula
tion 
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model of vehicle movement. By using this software, the movement of 
m· di idual vehicles i modeled and tr k d t1... - h h ac e lUOUg t e roads network, 
keeping track of variables a sociated with those vehicles (Traffic Group, 
2010). Furthermore, this model can be used to estimate the vehicles pollutant 
emi ion , fuel con umption as well as vehicle kilometer traveled (TKV). 
2.5.4 Traffic emissions and air quality 
A wide range of air pollutants are emitted from vehicles engines. These 
emissions arise from fuel combustion as well as evaporative processes from 
vehicles. Once released into the atmosphere, these emissions are dispersed 
and transported and, at the same time, transformed by various physical and 
cheffilcal processes that determine their final environmental fate (Atkinson, 
1988) . According to Zielinska (2005), the time periods of these atmospheric 
transformations and physical loss processes vary widely; air pollutants 
lifetimes range from � 1 min for some highly reactive organic compounds to 
months for much less reactive components of direct emissions. Therefore, the 
reactive compounds are removed from the atmosphere relatively quickly, 
while more stable pollutants can be transported over larger distances. 
Physical removal of emissions may occur by either dispersion or deposition 
processes. Dispersion (including vertical and horizontal) of emitted 
pollutants is mainly caused by wind flow. However, deposition (dry or wet) 
processes, including precipitation, scavenging, and sedimentation, cause 
downward movement of pollutants in the atmosphere, which eventually 
remove the pollutants to the ground surface (Samson, 1 988) . 
Chemical transformations of air pollutants may take place in the atmosphere, 
sometimes leading to the production of more toxic products. The chemic
al 
reactions in the atmosphere may occur between the air pollutants and
 reactive 
gaseous species such as hydroxyl (OH) radicals, N03 radica
ls, N02 and 
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ozone. These reactions contribute to formation of secondary air pollutants 
uch a 02 and ozone ( tkin on, 1 988) . 
On the other hand, there are many factors that could influence air pollutants 
concentration in an urban area. According to Siddique (2006), the dispersion 
proce i the most significant factor influencing air pollutants concentration. 
The dispersion proce , however, is a function of meteorological conditions, 
treet geometry, receptor location, traffic volume, and emission factor. Other 
factor that may influence the concentration of air pollution are age and size 
of vehicles, cold and hot start of vehicles, fuel type, and fuel-burning 
efficiency . 
Se\ eral air pollution models were developed to investigate the concentration 
and dispersion of air pollutants over a wide spatial area. These models have 
been widely used in government departments, agencies, and local authorities 
for assessing ambient air quality and making decisions related to traffic 
management and urban planning (Vardoulakis et al . ,  2003) . These models are 
described as mathematical descriptions of pollutant transport, dispersion, and 
related processes in the atmosphere. Also, models estimate air pollutant 
concentrations at receptor locations, which are therefore, used to analyze the 
impacts of air pollutants on air quality (NDEQ, 2000). 
Air dispersion models are widely used for assessing au quality of the 
roadside by providing predictions of present and future air pollution levels as 
well as temporal and spatial variations (Sharma and Khare, 2001) .  
Vardoulakis et al .  (2003) reviewed and categorized several air pollution 
dispersion models (from simple box models to complex fluid dynamics 
models) according to their physical or mathematical principles and their level 
of complexity .  These authors' review showed that considerable differences 
exist between these models due to the limitations in terms of mathematical 
treatment of dispersion dynamics and treatment of the aerosol processes
. 
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Howev r, the l iterature show that the most commonly used air pollutant 
di p r ion model are STREET, OSPM, and CALI E4. A brief description of 
the e models is provided below. 
2.5.4.1 STREET Model 
The TREET model is described as an empirical model which estimates a 
erie of hourly concentration at various receptor locations within a street 
canyon (Vardoulakis et al . ,  2003). This model was developed by Johnson et al 
(1973) and it is function of enussion rate, distance between the source and 
receptor, canyon geometry and wind speed, along with some empirical 
constants. However, this model does not take into accounts the angle of wind 
to the treet a is .  
2.5.4.2 OSPM model 
The Operational Street Pollution Model (OSPM) was developed by the 
ational Environmental Research Institute, Department of Atmospheric 
Environment, in Denmark (Berkowicz, 2000) . This model is similar to the 
STREET model, but more comprehensive. It uses a Gaussian plume equation 
to derive the direct contribution from the source and a box model to estimate 
the effect of turbulence on the concentrations (Vignati et aI . ,  1 999) . The main 
significant improvement of the OSPM over the STREET model is that it takes 
into consideration the angle of the wind direction to the street axis (Siddique, 
2006) . 
2.5.4.3 The CALIN E4 model 
CALI E4 is the last in  a series of l ine source a ir  pollution dispersion model 
developed by the California Board of Transportation. It is the most validated 
and widely used in  scientific and engineering applications for assessing the 
impact of vehicle traffic on roadside air quality (Benson, 1989) . This model 
uses the Gaussian plume theory to simulate the dispersion of pollutants 
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emitted from a l ine source of the roadway. The region directly above the road 
is call d the mi ing zone, which is considered as a zone of uniform emis ion 
and turbulence (Vardoulakis et al . ,  2003) . 
The model requires several input parameters including meteorological (e.g .  
wind peed, wind direction, mixing height, stability class, temperature, 
background concentrations), source strength (e.g .  vehicle emission data) and 
geometrical (e .g .  roadway height, receptor locations and heights, number of 
links, surface roughness, mixing zone width) . On the other hand, this model 
work b treating each road as a line source and from the input data; it 
computes pollutant concentration for each location (receptor) located within 
500 meters of the roadway and the contributions from various links are then 
summed for each receptor (Benson, 1 989) . 
2.5.4.4 The BOX model 
The box model is another method used to estimate the pollutants 
concentrations based on the conservation of mass. The air mass of the site is 
treated as a well-mixed air box, with the box dimensioned by the length, 
width and height of the surrounding built up area. This box is oriented in 
order that wind speed is normal to one side of the box. The height of the box 
is determined by ahnospheric conditions, which is considered to be just the 
mixing height. The assumptions made in this model are; no pollution is lost 
from the box along the sides parallel to the wind or from the top. Also it is 
assumed that the pollutants are rapidly and completely mixed in the box, 
creating a uniform average concentration. Finally, the pollutants will be 
treated as if they are conservative (i.e. no reactions, decay, or fall out of the air 
stream) (Masters, 1 997) . 
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Cha pter 3:  Methodology 
3.1 Site description 
The UAE is located along the south-eastern of the Arabian Peninsula between 
22.5° and 26° and between 51 ° and 56.25° E. It is bounded by Qatar from 
the west and north-west, Saudi Arabia from the west and south and Oman 
from the north, east and south-east. It occupies a total area of about 83,600 
quare kilometers and has a coastline of approximately 700 kilometers along 
the Arabian Gulf and 1 00 kilometers nearby the Gulf of Oman as shown in 
Fig. 3 .1 . There are offshore islands, coral reefs and salt marshes along the 
Arabian Gulf, whilst the inland region are characterized by stretch of gravel 
plain and arid desert with some oasis (such as Liwa) as well as some 
mountains in the north and east of the UAE (Uaelnteract, 2001; 2002) . 
The UAE has been established on the 2nd of December 1971, and is a 
federation of seven emirates including Abu Dhabi, Dubai, Sharjah, Ajman, 
Umrn Al-Qaiwain, Ras AI-Khaimah and Fujairah. According to the Ministry 
of Economy, the population of the UAE is estimated to be approximately 4 .5 
million in 2007. However, the population is expected to increase by 6 .12% to 
reach 4 .76 million at the end of 2008 and by another 6.31 % to 5.06 million at 
the end of 2009 (Paula, 2009) . 
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Fig. 3.1: Map of the DAE (DAE Travel Guide 2006) . 
Abu Dhabi is the largest in size of the seven emirates with an area of 67,340 
krn2, representing 86.7% of the total area of the DAE. It has a coastline of 
about 400 krn along the Arabian Gulf. It is considered as the most populated 
emirate (1 .493 million at the end of 2007), with the lowest population density 
in the UAE. However, Abu Dhabi Emirate is divided admini stratively into 
three main regions: 
1 .  Abu Dhabi city, which is also the capital of the Emirate of Abu Dhabi, 
2. The Eastern Region, including Al Ain city 
3. The Western Region, including Bida Zayed city (UaeIn teract, 2002; 
Paula, 2009) .  
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Al Ain city is considered as the second biggest city in the Emirate of Abu 
Dhabi, after the capital it elf. It is known as the garden city due to its 
e ten ive green and landscape areas. It is rich in agricultural lands with many 
fort and archaeological ite . 
Al In is located approximately 160 km east of the Abu Dhabi capital, 
adjacent to the border with Sultanate of Oman and 130 km southeast of Dubai 
(Fig. 3 . 1 ) .  It is l inked to Abu Dhabi City and Dubai by fast modern three-lane 
dual highway, and it generally takes about one and a half hour to either city .  
I t  i also erved by an International Airport, which was commissioned in 1994 
(ADAC, 2007) . 
The population of Al Ain has grown from a few thousand in pre-oil boom 
days to around 422,340 in 2005 according to 2005 Abu Dhabi census (DED, 
2005) .  As in different places in the UAE, the expatriate residents make up a 
majority of the population. Al Ain is an attractive tourist destination for 
thousands of foreign tourists, and many thousands more from other Gulf 
countries and UAE cities . I t  is also an important academic city that supports 
thousands of u niversity and higher colleges of technology students (UPC, 
2008) . 
The geomorphology of Al Ain area includes three main features; mountains, 
gravel plains, sand dunes, interdune areas, and inland sabkhas. According to 
Shankland Cox (1986), Al Ain region is underlain mainly by tertiary limestone 
and marl with recent deposits of quartz sand, gravel outwash and sabkhas. 
The extreme eastern part of Al Ain city, adjacent to the Oman Mountains is 
characterized by low-angle alluvial fans and gravel plains. The region l ies on 
the eastern part of a topographic and structural depression between the 
Arabian Shield and the Oman mountains. 
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On the other hand, the topograph of Al Ain region is generally flat but ri e 
in el "ati n from orth- ast to outh West as shown in Fig. 3.2. The main 
mountains in Al Ain ar Jabal Hafit, Jabal Moundassah, Jabal Malaqet, Jabal 
AI-Oha and Jabal Rawdah. However, Jabal Hafit is considered the most 
prominent features of the Al Ain area, and lies to the southeast, rising to 
1 , 160m above th ea level . The rocks forming Jabal Hafit are composed of 
lime tone, marIe and dolomite limestone (Hunting Geology and Geophysics, 
1 979; Abou El-Enin, 1 993). 
Rapid development including economic, social, and industrial has been taken 
place in Al Ain over the past 30 years. For instance, a new industrial city was 
e tablished in the west of Al Ain. In addition, many development projects 
iNere con tructed such as hotels, malls, and new urban settlements. These 
de elopments could have had an impact on ambient air quality of the Al Ain 
city as well as the traffic volume. Consequently, the Abu Dhabi government 
paid attention to air quality in the emirate by establishing a new air quality 
monitoring network to monitor and assess ambient air quality in the emirate 
including AI Ain. 
Fig. 3.2: Geographical location of Al Ain city.
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3.2 Activities in AI Ain 
The downtown of Al Ain i considered as one of the 0 t . d "  m s unportant lStncts 
in the city .  It is highly populated and constitutes a center of the commercial 
activity in the city . Th study area (represented by a red rectangle in Fig. 3.3) 
cover an area of appro irnately one kilometer square. The study area is 
bounded by Ali Bin Abi Taleb Street in the North, Abu Baker Al Siddiq Street 
in the East, Za ed bin Sultan street in the South and Al Ain Street in th W t e es . 
Fig. 3.3: The study area in Al Ain downtown 
It should be noted that the downtown is composed of three to fou
r-floor 
buildings, each joined to its neighbor, while at the same time the m
ain streets 
are quite wide with dual three lanes. The height of the building
s on both sides 
of the streets averages about 1 5  meters. The characteriz
ations of the 
downtown area are mainly mixed uses of commercial 
retail, commercial 
services and residential components. This character o
f the city downtown 
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attracts larg volume of traffic and hence increase the impact of traffic on 
ambi nt air quality .  For thi rea on, EAD has set up a roadside air quality 
monitoring fi d tati n " referr d to here as Al Ain Street Station", which is 
located adjacent to the Al Nafoorah Roundabout junction of Khalifa Street 
with Salahuddeen Al A yubi treet from the north-east, approximately 15  m 
from th neare t traffic lane. 
A noted in Fig. 3.4-, the industrial area in Al Ain is far away (approximately 
3.5 kilometers) from the city downtown. In addition, Al Ain oasis serves as a 
helterbelt from air pollutants coming from the industrial area. Therefore, the 
impact of industrial activities is e pected to be negligible. On the other hand, 
the downtown does not contain industrial activities that could affect air 
quality .  Thus, the air quality in the downtown is probably affected mainly by 
traffic in addition to some existing commercial activities. 
Fig. 3.4: The study area and its surroundings 
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3.3  Meteorological conditions 
Th UAE i located in the arid tropical zone, extending across Asia and orth 
frica with high temperatures and low rainiall that is strongly influenced by 
the rabian Gulf and the Indian Ocean. There are obvious variations in 
climate between the coastal regions, the deserts of the interior and 
mountainous areas. In the winter, from November to March, the daytime 
temperature averages 26 oC, while the nighttime temperature is sl ightly 
cooler, averaging 1 5  oc . In the summer, however, from June to September, the 
temperature is in the mid-40s, but it can be higher inland. 
The prevailing winds vary between south or south-east, to west or north to 
north-west. Wind direction is influenced by the monsoons and also depends 
upon the season and location. The local north westerly winds called Al 
Shamal frequently build up during the winter, bringing cooler windy 
conditions. The humidity in coastal areas of the UAE averages between 50% 
and 60%, but could reach over 90% in summer, while in the inland it is far less 
humid.  The rainiall is sparse and intermittent and in most years it rains 
during the winter months, usually in February or March (UaeInteract, 2001 ; 
Paula, 2009) . 
Abu Dhabi Emirate is characterized by desert climate, with an average annual 
rainfall of 1 00 mrn in 200B . The maximum temperature during summer, from 
May to October, is between 39 and 46 oc, while in winter it averages 16.B°C. 
The relative humidity is very high in summer, especially at the coastal areas, 
while it is low in the internal parts of the desert (SCAD, 200B) . The 
meteorological conditions of Abu Dhabi Emirate during the period of 2003-
200B are shown in Fig.  3 .5-3.7. 
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Fig. 3.5: Mean rainfall of Abu Dhabi Emirate during the period of 2003-2008 
(NCMS.AE, 2008) 
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Fig. 3.6: Temperature of Abu Dhabi Emirate during the period of 2003-2008
 
(NCMS.AE, 2008) 
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Fig. 3.7: Relative humidity of Abu Dhabi Emirate during the period of 2003-
2008 (NCMS.AE, 2008) 
The climate of AI Ain may be classified as hot arid desert. The seasons in Al 
Ain can be classified into two principal seasons: the cool "winter" season 
extends from December through March, when most rain falls and the long hot 
and dry "summer" season from June through September. 
The mean annual rainlall of AI Ain is about 100 mm. However, most of this 
rain may fall  within a few days but the total varies greatly from year to year. 
Most rainfall occurs between December and May. However, the mountain 
and hilly regions receive significantly higher rainfall compared to the plain 
areas. 
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Temperature var and can increase from 6°C in December and Januar to a 
peak f 50°C in June, July and Augu t. H wever, monthly temperatures 
remain con tant from ar to y ar. 
The humiditJ is ignificantly less in the period from April to October, with a 
mean relati e humidity of 2% compar d with a peak mean of 63% in 
January. Howev r, the mean annual evaporation is about 3,634 lTIlTI. 
The greate t wind peed is between February and August, and is consistently 
about 9 km/ hr, dropping to about 7 km/ hr on average from October to 
January . On the other hand, the winds arrive usually from the north-west, 
outh-east and south-east, but the prevailing wind comes from the north­
west, mainl. during May and June. At other times of the year, wind direction 
can be variable (Shankland Cox et a1 . ,  1 986; NCMS.AE, 2008). The 
meteorological conditions of AI Ain city during 2007 to 2008 are shown in Fig. 
3.8-3 .10 .  
ean RalOfa 1 (0101)  
3 
2 
6 
pr ct o ec: a F,:: 3 
Month 
Fig. 3.8: Mean rainfall of Al Ain during 2007-2008 (NCM
S.AE, 2008) 
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Fig. 3.9: Temperature of Al Ain during 2007-2008 (NCMS.AE, 2008) 
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Fig. 3.10: Relative humidity of Al Ain during 2007-2008 (NCMS.AE, 2008) 
36  
Impact o/ Traffic on Ambient A ir Quality in AI A in Clly - UAE 
3.4 Pollutant data collection 
Hourly pollutant conc ntration data were collected from EAD two fixed air 
quality monitoring stations in Al Ain city .  These two monitoring stations 
were con tructed in 2007 and they continuously monitor air pollutants, noise 
and meteorological parameter . These stations are considered part of EAD air 
quality monitoring and management program in Abu Dhabi Emirate. The air 
monitoring network is operated, calibrated and maintained by NILU on 
behalf of EAD. 
The fir t station called "AI  Ain Street Station" is  located in the downtown 
center, adjacent to the Al afoorah Roundabout junction of Khalifa Street 
with Salahuddeen Al Ayyubi Street £Tom the north-east, approximately 15  m 
from the nearest traffic lane. The site of Al Ain Street station is characterized 
as a flat with no major buildings and very few obstacles. This station 
represents a highly populated area with heavy traffic. 
The second station called "AI Ain School Station" .  It is located at the Sultan 
Bin Zayed Basic Education School . It represents a residential area with very 
low traffic . This station is considered to be a city background station. 
On the other hand, the monitoring height is about 4.0 m at the two stations, 
which represents the ground level . The locations of the two stations in Al Ain 
are shown in Fig.  3 .1 1 .  
Several routine maintenance and manual calibrations activities were 
performed on a monthly basis on each analyzer for the two air monitoring 
stations in AI Ain. The analyzers show current operating parameters for 
several internal components. These parameters g ive an indication of what 
maintenance needs to be performed. All operating parameters are recorded 
before and after the calibration. This will help in identifying any changes in 
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the perating parameters f the analyzer, and to have a reference for the next 
calibration. Mor over, tracking of these parameters provides security in the 
ev nt of damage. 
The instrument calibration are preformed to test aIr quality monitor 
re pon es to different input concentrations using certified cyl inder gas 
mixture according to the National Institute of Traceable Standards (NIST) . 
This cal ibration is done for everal analyzers induding those of S02, NO, CO 
and non-methane hydrocarbons (NMHC). The calibration of H2S is done 
using certified permeation tubes, while the calibration of ozone is done using 
a built-in UV lamp within the analyzer to generate known concentrations by 
mixing the lamp output of ozone with zero air. The calibration of PMlO is 
done by using the specific pre-weighted filter in addition to the leak checks, 
flow rate checks, temperature and pressure verifications (Whitford, 2008).  
Fig. 3.11: Air quality monitoring stations in Al Ain 
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The time frame of the coIl cted pollutant concentration data is from April, 
2007 to April, 2009. The hourly average meteorological parameters such as air 
temp rature, wind peed and direction were also obtained from the two fixed 
tation for th same p ri d. However, the noise measurements data collected 
from the two stations ar on! available for 2009. These data are also on an 
hourl ba is. Not that humidity data are not available at the stations. 
The coordinates of the two stations are as follows: 
• Al Ain Street Station: N 24° 13 '33.1 2", E 55°45'56.98" 
• Al Ain School Station: N 24° 1 3'08.62", E 55°44'05 .53" 
On the other hand, not all stations measure every pollutant. Both stations 
monitor particulate matter (PMlO), sulphur dioxide (502), nitrogen oxides 
(NO ), methane (CH,l), and one of them monitor more pollutants such as 
carbon monoxide (CO) and ozone (03). Table 3.4 summaries the monitored 
pollutants at AI Ain stations. 
Table 3.1: Emissions monitored at the fixed air quality stations in Al Ain 
Parameter 
Particular mater (PMlO) 
Sulphur dioxide (502) 
Nitrogen Oxide ( 0) 
Nitrogen oxides (NOx) 
Methane (CHt) 
Carbon monoxide (CO) 
Hydrogen sulfide (H2S) 
Ozone (03) 
Benzene 
Toluene 
ethylbenzene 
m,p-xylene 
o-xylene 
Noise 
Wind speed 
Wind direction 
Temperature at 10 m 
Temperature at 2 m 
Temperature - Indoor 
AI Ain Street Station AI Ain School Station 
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3.5 Traffic data collection 
Traffic count data were collected from Al Ain Municipality in cooperation 
with the Roadway, Tran portation, and Traffic Safety Research Center 
(RTf RC) at the DAE University. Hourly traffic data (i .e .  vehicle flow per 
hour) were measured at various locations in the downtown of Al Ain city for 
e eral da in 2007 and 2009. Since various locations were measured at the 
arne time period, two different traffic counts methods were used; manual 
count and automatic traffic counts. Counting periods were chosen as four 
hours in the morning (from 7am to 11 am), and four hours in the evening 
(from Spm to 9pm). Note that traffic counts were not performed during 
special corrununity events, holidays, rain or any such event that would 
change typical traffic conditions and patterns. 
The traffic counts cover an area of about 1 ,300mx700m and it combines the 
counts of seven roundabout junctions and two T -signal junctions around Al 
Ain Street air quality monitoring station at Khalifa Street. The frame study 
area for traffic counts is shown in Fig. 3 .12 .  
Fig. 3.12: Traffic counts area 
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3.6 Data analysis 
3.6.1 Air Qual ity Standards 
mentioned in Chapter 2, ambient air quality standards are maximum 
allowable levels of air pollutants that should not be exceeded during a given 
time in a defined area (Lund, 1 971 ) .  These standards were developed to 
protect the public health and the environment from negative impacts of air 
pollutants.  Indeed, they are intended to avoid short term effects and provide 
U£ficient control to avoid longer term effects of these pollutants. In this study, 
ali pollutants levels collected at the fixed stations in Al Ain, during 2007-
2009, were compared with Abu Dhabi ambient air quality standard. 
3.6.2 Air Quality Index (AQI) 
The air quality index (AQI) developed by the US EPA was used in this study 
to characterize the quality of air in Al Ain. This index is used as an indicator 
of the quality of ambient atmosphere with regards to health impacts. Further 
details on the use of the AQI will be presented in Chapter 4.  
3.6.3 Identification of spatial pollutant pattern 
Air pollutant data collected from the two fixed stations are utilized to 
investigate pollutant spatial distribution. Since the two locations are 
characterized by different traffic volumes, comparison among the two stations 
will qualitatively indicate the effect of variations in traffic density . 
3.6.4 Identification of temporal pollutant pattern 
Air pollutant data collected at each station during 2007 to 2009 will be utilized 
to investigate variation of pollution level over time. This will also capture 
possible daily, weekly and seasonal variations. Multiple time series plots w
ere 
used to describe temporal changes in pollutants level. 
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3.6.5 Statistical Analysis 
The tatistical software package SPSS (Statistical Package for Social Sciences) 
was used for performing all statistical analysis to summarize, analyze and 
conduct statistical interpretation of the air pollutants data. This is utilized to 
in estigate pos ible relationship among pollutants and between pollutants 
and meteorological conditions. Such step is necessary before any attempt to 
correlate pollutant level to traffic volume. 
The statistical analysis methods that were used are as follows: 
• Descriptive statistics was used to quantitatively summarize the aIr 
pollutants and traffic counts data sets. 
• Box-plots were used to compare the distributions of the pollutants 
levels in the two stations in order to investigate the spatial changes in 
pollutants level .  
• Histogram-plot was used to show the "normal" distribution for each 
pollutant in the two locations. 
• Independent t- test was used to investigate the significance of 
difference between two categorical variables . 
• Mann-Whintney-Wilcoxon test will be used instead of the 
independent t-test, if the assumptions underlying t-test are v iolated . 
• Kolmogrov- Smirnov was used to test the normality of the 
distribution 
• Pearson's correlation coefficient was used to measure the relationship 
between the two variables. 
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3.6.6 The Synchro Traffic Model 
In  thi tud , the nchro model (version 6.0) was used to calculate the 
v hide kilom t r travel d (VTK), car pollutant emissions, and fuel 
consumption. A nap hot of this software is shown in Fig. 3.13 .  Input to the 
oftware require data related to mapping, links, geometry, lanes, and traffic 
v lum . On the other hand, this software can predict the total emissions of 
orne pollutants (CO, NOx, and VOCs), which leads us to use another model 
to predict the rest air pollutants. Further details on the use of this model will 
be presented in Chapter 6. 
• DST 
.'is' 
r'Y. 
� ��i ,,� , . 
.,: . .  �' 
Fig. 3.13: A snapshot of the Synchro software version 6.0 
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3.6.7 The International Vehicle Emissions (IVE) Model 
The international vehicle missions (IVE) model (version 2 .0 .1)  was used in 
thi tudy to stimate the vehicle fleets emissions at the downtown of Al Ain 
(adjacent to the Street Station) . This model is available on the public domain 
and can be downloaded from the International Sustainable Systems Research 
Center (ISSRC) website. The IVE model was selected because it is the most 
appropriate model for developing countries and it has been applied in several 
countries worldwide (e .g .  Turkey, China, Brazil, Mexico, USA, Peru, Kenya, 
India, Chile, and Kazakhstan). However, other existing models might be 
more accurate, but they tend to be more focused on their respective regions 
and hence may not be applicable to the conditions of the UAE. Further details 
on the use of this model will be presented in Chapter 6. 
3.6.8 The BOX model 
In  this study, the Box Model was used to calculate the pollutants 
concentrations based on the traffic related emissions. The output emissions 
from the IVE model were used in this model as inputs along with wind speed 
and box d imensions. Further details on the use of this model will be 
presented in Chapter 6. 
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Chapter 4:  Ambient Air Quality in Al Ain 
4.1 Air qual ity data 
Th present investigation included measurements of the five criteria 
pollutant ; particulate matter (PM1o), sulphur dioxide, nitrogen dioxide, 
carbon mono ide and ozone, as well as VOCs measurements which include 
benzene, toluene, methane, ethylbenzene, xylene and m-and p-xylene. Data 
were collected during the period of April 2007 to December 2009 at the two 
stations; Al Ain Street, representing a downtown area, and Al Ain Schoot 
representing a residential area. In addition, several descriptive statistics were 
u ed to summarize and analyze the air pollutants data. 
A. Particulate matter (PMI0) 
Table 4 .1  shows the descriptive statistical analysis of PMI0 concentration 
measured at the two stations during 2007-2009. On the average, the 
concentration of P ho detected at Al Ain Street is higher than that at the 
School Station, with a mean of 1 57 pg/ m3, a minimum of 1 .1 2  pg/m3 and a 
maximum of 1 725 pg/ m3. In terms of temporal variations, Al  Ain School had 
shown the same values of mean in 2007 and 2008 . However, the mean value 
increased by 7 .7% in 2009. On the other hand, the mean value of Al Ain Street 
increased by 2 .3% from 2007 to 2008 and decreased by 3.6% in 2009. 
Figure 4 .1  shows the distribution of PMlO at the two stations during the period 
of 2007-2009. The PMlO values are positively skewed from normal distribution 
with a value of 3.4.  The skewness was also evident from the difference 
between the mean of  131 .7  and median of 89.8. However, the PMIO values 
have a relatively leptokurtic distribution (that is, too tall or more peaked) with 
positive kurtosis of 1 5. 1 . On the other hand, the overall mean, median, 
minimum and maximum of the PMI0 concentrations during the period of 
2007-2009 are 131 .7, 89.8, 1 . 1 2  and 1 725; respectively . 
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B. Sulphur dioxide (S02) 
Table 4 .2  shows the descripti e statistical analysis of S02 concentration at the 
two stations during 2007-2009. On the average, S02 concentration in the 
downtown (AI Ain Street) is higher than that in the residential area (School 
tation), with a mean of 8 .5  ppb, a minimum of 0.01 ppb, a maximum of 77.5 
ppb and a median of 4.4 ppb. In terms of temporal variations, the 
concentration measured at Al Ain School had a mean of 1 .5, 1 .37 and 1 .65 ppb 
during 2007-2009, respectively.  On the other hand, the mean values at Al Ain 
Street have increased by 46% from 2007 to 2008 and 1 5.8% from 2008 to 2009. 
Figure -1 .2 hows the d istribution of S02 at the two stations during the period 
of 2007-2009. It was found that S02 values are positively skewed from normal 
distribution with a value of 3 .9 .  The skewness was also evident from the 
difference between the mean of 5 .0 and the median of 2.0. However, the S02 
concentration measurements have a relatively leptokurtic distribution with 
positive kurtosis of 1 9.5 .  On the other hand, the overall mean, median, 
minimum and maximum of the S02 concentrations during the period of 2007-
2009 are 5 .0, 2 .0, 0.01 and 77.5, respectively.  
C. Nitrogen dioxide (N02) 
Table 4.3 shows the descriptive statistical analysis of N02 concentration at the 
two stations during 2007-2009. As before, the average concentration detected 
in the downtown is higher than that detected in the residential area for the 
same durations. For the downtown (AI Ain Street Station) the concentration 
during 2007-2009 averaged 16.6ppb, with a minimum of O.01ppb, a maximum 
of 1 24ppb and a median of 1 6ppb. The mean values of N02 detected at Al Ain 
School have increased by 3 .7% from 2007 to 2008 and then decreased by 33 .6% 
from 2008 to 2009. In contrast, the mean values of Al Ain Street showed 
opposite behavior from Al Ain Schoot where it decreased by 52% from 2007
 
to 2008 and then increased by 60 % from 2008 to 2009. 
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Figure 4.3 how the di tribution of 02 at the two stations during the period 
of 2007-2009. The 02 values are characterized by an approximately normal 
di tribution with a skewne s value of 0.8. The skewness was also evident 
from the similarity between the mean of 1 5 .4ppb and the median (14.7ppb) . 
Howe er, the 02 values have a relatively mesokurtic (that is, normally high) 
di tribution with po itive kurtosis of 0.71 . On the other hand, the overall 
mean, median, minimum and maximum of the N02 concentrations during the 
period of 2007-2009 are 13 .6, 1 1 .9, 0.02 and 60.6, respectively. 
D. Carbon monoxide (CO) 
Table -1.4 shows the descriptive statistical analysis of CO concentration 
measured at Al A in Street Station in the downtown during 2007-2009. It was 
found that the mean values of CO have increased slightly by 2.0% from 2007 
to 2008 and then decreased by 27.6% from 2008 to 2009. 
Figure 4 .4 shows the distribution of CO in ppm for Al Ain Street Station 
during the period of 2007-2009. It was found that the distribution of CO 
concentration measurements is approximately normal distribution with 
skewness value of 4 .5 .  The skewness was also evident from the similarity 
between the mean of 1 .63 and median of 1 .56. However, the CO concentration 
measurements have a relatively leptokurtic distribution with positive kurtosis 
of 107. On the other hand, the overall  mean, median, minimum and 
maximum of the CO concentrations during the period of 2007-2009 are 1 .63, 
1 .56, 0.01 and 27.2, respectively. 
Table 4.5 shows the descriptive statistical analysis of 03 concentration at Al 
Ain School Station, during 2007-2009. It was found that the mean values of 03 
have decreased by 9% from 2007 to 2008 and then decreased by an
 additional 
9 % from 2008 to 2009. 
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Figur 4 .5  hows the di tribution of 03 at Al Ain School Station during the 
period of 2007-2009. I t  was found that the distribution of 03 values is 
approximately closer to normal distribution with a skewness value of 0.85. 
However, the 03 measurements have a relatively platykurtic distribution (i .e . 
flat distribution) with a negative kurtosis of -0. 1 28. On the other hand, the 
overall mean, median, minimum and maximum of 03 concentrations during 
the period of 2007-2009 are 16 .78, 13.47, 0 . 12  and 71 .5, respectively . 
F. Hydrocarbons (Hes) 
Table 4 .6-4 . 1 1  show the descriptive statistical analysis of hydrocarbons (HCs) 
concentration at Al Ain Street Station in the downtown during 2007-2009. 
The mean values of benzene, toluene, and methane have increased by 37.8%, 
35°'0 and 6%, respectively from 2007 to 2008. In contrast, the levels of 
ethylbenzene, xylene and m- and p-xylene have decreased by 53%, 1 5% and 
57%, respecti ely for the same period . The mean values of benzene, toluene, 
m- and p-xylene have increased by 5.3%, 1 .3% and 27%, respectively from 
2008 to 2009 and the level of ethy lbenzene and methane have decreased by 
0.8 °/0 and 51 .9%,  respectively for the same period, whereas xylene level 
remained almost the same during 2008 and 2009. 
Figures 4 .6-4 . 1 1  show the distribution of HCs at Al Ain Street Station during 
the period of 2007-2009. The HCs values are positively skewed from normal 
distribution with a value of 3.6, 3.3, 4.4, 6.1  and 5.2 for benzene, toluene, 
ethylbenzene, xylene and m- and p-xylene, respectively . However, the 
distribution of methane concentration measurements is approximately normal 
distributed with a skewness value of 0.51 . On the other hand, HCs 
measurements have a relatively leptokurtic distribution with positive kurtosis 
of 28, 20, 27, 1 07 and 46 for benzene, toluene, ethyl benzene, xylene and m­
and p-xylene, respectively, whereas the methane concentration measurements
 
have a relatively platykurtic distribution (i .e. flat distribution) with a nega
tive 
kurtosis of -0.840. 
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Table 4.1:  De criptive statistical analy is of PMIO ( llg/ m3) at the two stations 
d . 2007 2009 unng -
Parameter 
�lean 
5°", Tnmmed 
Mean 
� ledlan 
Std De\, . 
t-.1imrnum 
�1aXJ111Um 
Skewness 
KurtOSIS 
7 000--
6.000--
5.000--
>. g 4.000-­
Q) :;, 
0-
� 
U. 
3,000-
2.000-
1 000-
0 
School 
98.5 
92.4 
82.1 
64..5 
2.68 
5 1 1  
1 .86 
5.8 
0 
2007 
Street Overall 
158 1 30 
132 1 1 1  
1 14.7 99.5 
1 59 1 27 
1 .28 1 .28 
1031 1 031  
3.42 4.1  
1 3.2 21 .3 
rhnr 
200 400 
2008 2009 
School Street Overall School Street Overall 
98.7 165.3 133 1 1 5.3 147 131 .6 
78.4 1 34.6 106 96 1 24.8 1 1 0.7 
47.3 105.5 79.4 74.7 1 06 89.7 
1 32.3 190.4 168 1 29 1 52 142.2 
10 .10 1 .1 2  1 . 12  2.61 3.6 2.61 
1026 1032 1 032 1026 1 725 1 725 
3.2 2.8 3 . 1  3.2 3.56 3.4 
13.8 8.4 1 1 .0 1 3.2 18.8 17.5 
n I -1 
860 1000 1doo 1400 1600 600 
Concentration, ug/m3 
Fig. 4.1 : Distribution of PMlO at the two stati
ons during 2007-2009 
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Table 4.2: D scriptive statistical analysis of S02 (ppb) at the two stations 
d . 2007 2009 unng -
Parameter 
tl.lean 
5°" TrinU11ed 
t\ lean 
t\[edlan 
Std. Dey. 
t\ l mll11um 
t\ laAlmum 
Skewness 
Ku rtosis 
1 2 .00 
� 7.00 
c: 
Q) 
::I 
a' 
e 
u. 
School 
1 .5 
1 .3 
1 .03 
1 .6 
0.Q1 
3 1 .86 
4 . 2  
37.6 
2007 
Street Overall 
3.3 2.3 
2.9 2.0 
2.6 1 .94 
2.3 2.15 
0.46 0.01 
38.16 38.16 
4.3 3.8 
33.1 29.5 
2008 2009 
School Street Overall School Street 
1 .37 9.0 5 .16  1 .65 1 2.38 
1 . 17 8.3 4 .36 1 .5 1 0.3 
1 .0 8.3 2.22 1 .1 6  4.2 
1 .5 6.8 6.25 1 . 5  16.7 
0.Q1 0.01 0.01 0.01 0.02 
46.4 46.8 46.8 29.7 77.56 
7.8 1 .3 1 .9 4.4 1 .7 
142 1 .7 4.13 53 2.4 
o1-WW�lllli�����--������ 30 40 o 1 0  20 
C o n centrat ion,  ppb 
Overall 
7.9 
5.6 
2.25 
13.9 
0.01 
77.56 
2.6 
6.5 
Fig. 4.2: Distribution of S02 at the two s
tations during 2007-2009 
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Table 4.3: Descriptive tatistical analysis of 02 (ppb) at the two stations 
during 2007-2009 
Parameter 
t- lean 
5 °'0 Trinu11ed 
t-lean 
J\-ledlan 
Std. Dev . 
t- linimum 
t- laJo.imum 
Skewness 
Kurtosis 
5.000-
4.000-
>. 3.000-
(.) 
c: 
III 
:l 
cr' 
� 
U. 
2,000-
1 .000-
School 
1 1 .1 5  
10.6 
9.3 
8.1 
0.02 
47.78 
0 .816 
0 . 1 23 
2007 
Street Overal l  School 
1 8.8 1 5.0 1 5.7 
1 8.6 H.7 1 5.1  
1 8.3 1 4.4 1 3.9 
8.3 9.0 1 0.5 
0.30 0.02 0.04 
53.06 53.1 60.60 
0.419 0.474 0.902 
0. 153 -0. 1 9 1  0.423 
2008 2009 
Street Overall School Street Overal l  
5.9 1 1 .3 7.8 23.6 23.5 
5.0 1 0 .4 7.5 23 .1  23 
1 .24 9.4 7.6 22.2 22.1 
8.2 1 0.6 5.0 1 2  1 2  
0.01 0.01 0.07 0.85 0.07 
56.35 60.60 21 .68 1 24.20 1 24 
1 .65 1 .04 0.469 0.713 0.706 
2.6 0.699 -0.202 0.981 0.95 
ffirhlli 
0�-JUllLUlllLWllLWJlLUf1tb�==-r--�I���--J,90��10�0--��10��12;0--�1rc30 30 40 50 60 70 80 o 10 20 
Concentration, ppb 
Fig. 4.3: Distribution of N02 at the two stati
ons during 2007-2009 
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Table 4.4: Descripti e statistical analysis of CO (ppm) at the two stations 
d 2007 2009 unng -
Parameter 
t.. !ean 
5 °" Tnm med 
Mean 
Median 
Std. De\, . 
t.. !mlmum 
},Iaximum 
Sl-ev .. ness 
Kurtosis 
6,000-
5,000-
>­(.) 
C 
<I> 
::I 
4,000-
�3 000-
u... 
2.000-
1 ,000-
School 
-
-
-
-
-
-
-
-
2007 
Street Overal l  School 
1 .73 1 .73 -
1 .72 1 .72 -
1 .69 1 .69 -
0.68 0.68 -
0.01 0.01 -
5.72 5.72 -
0.35 0.35 -
0.86 0.86 -
2008 2009 
Street Overal l  School Street Overall 
1 .8 1 .8 - 1 .02 1 .02 
1 .73 1 .73 - 1 .02 1 .02 
1 .68 1 .68 - 1 .02 1 .02 
0.72 0.72 - 0.21 0.21 
0.59 0.59 - 0.17 0.17 
27.22 27.22 - 2.41 2.41 
7.95 7.95 - 0.89 0.89 
1 95 1 95 - 4.8 4.8 
01-�,jJll��UJ�' --�--'---'---'112�-;�-;:--;1�8--��0'--�2"2--��4'--�2:e6--�2is8� o 2 4 6 8 10 14 16 
Concentration, ppm 
Fig. 4.4: Distribution of CO at the two statio
ns during 2007-2009 
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Table 4.5: Descriptive tati tical analysis of 03 (ppb) at the two stations 
d 2007 2009 unng -
Para meter 
School 
� Iean 20.2 
5 °k> Trimmed 1 9.3 
t.,[ean 
I\ 1edian 1 7 . 1 4  
Std. De\, . 1 5.97 
l\ ! Lrumum 0 . 1 6  
I\1a,imum 69.51 
Skewness 0.593 
KurtOSIs -0.71 
3,00 0-
,cr 2, 50 
)cr 2,00 
ocr 
1 0  ocr 
5 ocr 
0 o 
2007 
Street Overall 
- 20.2 
- 19.3 
- 1 7. 1 4  
- 1 5.97 
- 0.16 
- 69.51 
- 0.593 
- -0.71 
1 0  20 
2008 2009 
School Street Overal l  School Street 
1 6.8 - 1 6.8 1 4  -
1 5.9 - 1 5.9 13 .1  -
1 2.8 - 1 2.8 1 2.2 -
1 4.6 - 1 4.6 1 1 .22 -
0.19 - 0.19 0 . 1 2  -
69.92 - 69.92 71 .54 -
0.753 - 0.753 1 .012 -
-0.57 - -0.57 1 .01 -
�  
3D 40 50 60 
Concentration, ppb 
Overall 
14 
13 .1  
1 2.2 
1 1 .22 
0.12 
71 .54 
1 .012 
1 .01 
�o 
Fig. 4.5: Distribution of 03 at the two stations 
during 2007-2009 
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Table 4.6: Descriptive stati tical analysis of benzene (Ilg/ m3) at the two 
stations unng -. d '  2007 2009 
Parameter 
Mean 
5°" Trimmed 
Mean 
Median 
Std. Dev. 
Mmimum 
1\ laxlmum 
Skewness 
KurtOSIs 
5.00 0-
4,50 0-
'0-4 00 
10-3, 50 
)0->- 3.00 
u 
c: 
QI 
::J 
)0-g 2. 50 
... 
u. 
2.0 00-
1 .5 00-
1 .0 00-
5 00-
2007 
School Street 
- 3.42 
- 2.97 
- 2.33 
- 3 .64 
- 0.02 
- 40.22 
- 3 . 1 37 
- 1 7.44 
rhm 
2008 
Overal l  School Street Overal l  
3.42 - 7.58 7.58 
2.97 - 6.78 6.78 
2.33 - 5.8 5.8 
3 .64 - 7.16 7 .16 
0.02 - 0.07 0.07 
40.22 . 1 1 0.3 1 10.3 
3. 1 37 - 3 . 1 26 3 . 1 26 
1 7.44 - 21 . 1 8  21 . 1 8  
0 .1, .1, 90 
o 10 20 30 40 50 60 70 
80 
Concentration, ug/m3 
2009 
School Street 
- 8.44 
- 7.42 
- 6.14 
- 8.19 
- 0.01 
- 1 38.4 
- 3.842 
- 30.1 9  
1 00 1\0 120 
Overal l  
8 ..14 
7..12 
6.14 
8.19 
0.01 
1 38.4 
3.842 
30. 19 
1�0 140 
Fig. 4.6: Distribution of benzene at the two statio
ns during 2007-2009 
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Table 4.7: D scriptive statistical analysis of toluene (llg/ m3) at the two . d ' 2007 2009 statIOns unng -
Parameter 
2007 
School Street 
t\ lean - 8.84 
5°" Tnmmed 7.95 
t\ lean 
-
1\ !edian - 6.7 
Std. De\,. - 7.8 
� ! Immum - 0.01 
t\ laxlO1Um - 76.4 
Skewness - 2.63 
Kurtosis - 1 1 .1 
4 000-
3.500-
3,000-
2.500-
>-u 
t: 
(I) :::I 
W 2.ooo-
u-
1 .500-
1 .000-
500-
Overall  
8.84 
7.95 
6.7 
7.8 
0.01 
76.4 
2.63 
1 1 . 1 
rhmn 0 
0 25 50 75 
2008 
School Street Overa l l  
- 1 8.3 1 8.3 
- 1 6.5 16.5 
- 1 4.7 14.7 
- 1 6.6 1 6.6 
- 0.51 0.51 
- 264 264 
- 3.3 3.3 
- 23.4 23.4 
1 00 1 25 1 50 1 75 
Concentration, ug/m3 
2009 
School Street Overall  
- 1 8.8 1 8.8 
- 1 6.6 1 6.6 
- 14.05 14.05 
- 1 7.4 1 7.4 
- 0.3 0.3 
- 1 77 1 77 
- 3 . 1  3 . 1  
- 1 4 .9 14.9 
200 250 275 
Fig. 4.7: Distribution of toluene at the two station
s during 2007-2009 
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Table 4.8: De criptive statistical analysi of ethylbenzene (l-lg/ m3) at the two . d '  2007 2009 statlOns unng -
Parameter 
2007 
School Street 
Mean - 23.48 
5 0\, Tnmmed 1 9.36 
�lean 
-
Median - 1 L9 
Std. Dev. - 3 1 .3 
� l inimum - 0.03 
t>la'\imum - 246.2 
Skewness - 2.272 
KurtosIS - 7.23 
1 0,000-
9,000-
8.000-
7.000-
>- 6.000-
() 
c: 
Q) 
:::l g- 5.000-
... 
u.. 
4.000-
3.000-
2,000-
1 .000-
Ihn 0 I �o 0 25 
Overal l  
23.48 
1 9.36 
1 1 .9 
3 1 .3 
0.03 
246.2 
2.272 
7.23 
2008 
School Street Overal l  School 
- 7.3 7.3 -
- 4.6 4.6 -
- 3.0 3.0 -
- 16 .12  1 6. 1 2  -
- om 0.01 -
- 294.5 294.5 -
- 7.152 7. 152 -
- 74 .31 74.31 -
1�0 1�5 ��o 1 75 200 225 
Concentration, ug/m3 
2009 
Street 
7 .18  
5.75 
4.8 
1 0 . 1 6  
0.01 
1 72.7 
6.792 
70.92 
Overall 
7 .18 
5.75 
4.8 
10.16 
0.01 
1 72.7 
6.792 
70.92 
275 300 
Fig. 4.8: Distribution of ethylbenzene at the tw
o stations during 2007-2009 
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Table 4.9: De criptive statistical analysis of xylene (Ilg/ m3) at the two stations 
d . 2007 2009 unng -
Parameter 
2007 2008 2009 
School Street Overal l  School Street Overall School Street Overall 
�Iean - 5 .46 5.46 - 4.01 4.01 - 4.01 4,01 
5 °" Tnmmed 4.6 4 ,6 3.47 3.47 3.43 3.43 Mean 
- - -
� Ied la n - 3 .74 3.74 - 2.88 2.88 - 2.8 2.8 
Sld. Dev. - 6.22 6.22 - 4.23 4 , 23 - 4.93 4.93 
� 'hnimum - 0.01 0.01 - 0.01 0,01 - 0,01 0.01 
� laxlmum - 93.58 93.58 - 65.05 65.05 - 1 70.5 170.5 
Skewness - 3 .6 3 .6 - 3.995 3.995 - 10.02 10.02 
KurtosIs - 23,6 23.6 - 29,6 29.6 - 24.9 24.9 
8,000-
7,000-
6,000-
5,000-
>. u 
c: 
Q) ;:, 
g 4,000-U: 
3,000-
2,000-
1 ,oo(}-
rhr. 0 
0 25 50 75 1 00 1 25 1 50 
1 75 
C oncentration, ug/m3 
Fig. 4.9: Distribution of xylene at the two stati
ons during 2007-2009 
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Table 4.10: De criptive tatistical analysis of mp-xylene (Ilg/ m3) at the two . d ' 2007 2009 statIons unng -
Parameter 2007 School Street 
l\fean - 17.3 
5 00 T nmmed 14.4 
l\·lean 
-
MedIan - 9.0 
Std. Dev. - 21 .29 
l\I Irumum - 0.03 
t-. f aAlmUIn - 275 
Sl-.ewness - 2.8 
Kurtosis - 1 3.3 
10.000-
9.000-
8.000-
7.000-
>. 6.000-
0 
c: 
CI) 
::l g 5,000-
... 
u... 
4,000-
3.000-
2.000-
1 .000- rhn 0 I I 
0 25 50 
Overal l  
1 7.3 
1 4.4 
9.0 
2 1 .29 
0.03 
275 
2.8 
1 3.3 
75 
2008 
School Street Overall 
- 4.76 4.76 
- 4.27 4 .27 
- 3.71 3.71 
- 4.13 4 .13 
- 0.40 0.40 
- 60 60 
- 3.422 3.422 
- 22.7 22.7 
100 1 25 1 50 175 
Concentration, uglm3 
2009 
School Street Overal l  
- 8.43 8.43 
- 7.57 7.57 
- 6.37 6.37 
- 7.16 7.16 
- 0.11  0 .11  
- 1 23 1 23 
- 2.97 2.97 
- 1 8.3 1 8.3 
200 �5 250 275 
Fig. 4.10: Distribution of mp-xylene at the tw
o stations during 2007-2009 
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Table 4.11: De criptive statistical analysis of Cfu (ppm) at the two stations 
d . 2007 2009 unng -
Parameter 
2007 2008 2009 
School Street Overa l l  School Street Overall School Street Overall 
�!ean 1 .2 2.8 2.1 1 .53 3 .14  2.3 - 1 .02 1 .02 
5 % Trimmed 1 . 1  2.8 2.0 1 .49 3.1 2.2 - 1 .02 1 .02 
�lean 
�Iedlan 1 .27 2.9 1 .8 1 .4 3.0 2.3 - 1 .02 1 .02 
Std. Dev. 0.37 0.85 1 .06 0.37 0.58 0.94 - 0.21 0.21 
M Inimum 0.01 om 0.01 0.67 0.97 0.67 - 0.17 0 .17 
�laxlmum <l.57 5.2 5 .20 4 .13  7.7 7.7 - 2.41 2.41 
Ske\\-ness 0.97 -0.27 0.483 1 .83 0.604 0.405 - 0.89 0.89 
Kurtosis 3.5 -0.08 -0.91 2.1 1 1 .1 6  -0.88 - 4.84 4.84 
6, 000-
5. 000-
4 ,000-
.000-
2 �.OOO-
.000-
S nul � 0 5 6 7 8 
o 3 
Concentration, ppm 
Fig. 4.11 :  Distribution of CH4 at the two station
s during 2007-2009 
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4.2 Comparison of pollutants level with air  quality standards 
The air quality standards are the concentrations of air pollutants that are 
con idered to be acceptable with regards to protection of human health and 
the environment. EAD has developed new air quality standards for the six 
criteria pollutant ; CO, 02, 03, S02, PMlO and Pb. These standard l imits 
along with that of total suspended particles (TSP) are shown in Table 4.12. 
Note that no ambient standard limits are available for methane or other 
VOC . 
In this study, the levels of the air pollutants measured at the two fixed 
stations in Al Ain, during the period of 2007- 2009 were compared with EAD 
Ambient Air Quality Standard. 
Table 4.12: EAD Air Quality Standard, (EAD, n.d.)  
Maximum allowable 
A verage time Parameter limits (J..Lg/ m3) 
350 1 hr 
S02 1 50 24 hr 
60 1 yr 
30,000 1 hr 
CO 1 0,000 8 hr 
400 1 hr 
N02 1 50 24 hr 
200 I hr 
03 1 20 8 hr 
PMlO  1 50 24 hr 
230 24 hr 
TSP 90 1 yr 
Pb 1 1 yr 
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Although BAD has two air quality mOnitoring tations in Al Ain, but the two 
tations do not record all pollutants. The Al Ain Street monitoring station in 
the downtown monitors PMlO, S02, 0, NOx, CO and some of the HCs, while 
th tation at Al Ain School monitors PMlO, 502, 0, NOx, 03 and some of the 
HCs. 
Figure 4 . 12-4. 14  show the 1-hr, 24-hr and 1 -yr S02 concentration level, 
re pectivel r in Al Ain city for the period from April 2007 to August 2009. The 
concentration levels of S02 for the three exposure periods were below the 
E D tandard at both stations. Additionally, most of the 1 -hr S02 levels are 
below 50 Ilg/  m3 while the average daily concentration levels in most of the 
cases are below 20 Ilg/ m3. 
Particulate matter has become a major air pollution problem in Al Ain, 
resulting from natural causes such as windblown dust as well as movement of 
vehicles, industries and construction activities. The ambient PMlO 
concentration in AI Ain during the study period at the two stations exceeded 
the 24-hr average BAD air quality standard of 150 Ilg/ m3 as shown in Fig.4 .15 .  
The total number of exceedances was recorded as 472 times at both stations, 
which represent 99.5% of the total number of exceedances for all pollutants. 
However, most of the 24-hr PMlO levels were below 200 Ilg/m3. It was also 
observed that the PM10 peak occurred in May of each year. This is due to the 
wind speed which tends to be higher during this month. The strong wind 
speed can carry sand from Iran and Saudi Arabia to the eastern region of UAE 
and causes an increase in PM10 level in the atmosphere. 
Carbon monoxide (CO) was only measured at Al Ain Street Station in the 
downtown area of Al Ain. It was noticed that the CO 1 -hr average BAD air 
quality standard of 30mg/ m3 was exceeded once in 6/1 2/ 2008, as shown in 
Fig. 4 .16 .  This is possibly not an actual reading of the ambient concentration 
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but a reading of a cal ibration tandard . The 8-hr CO levels were below the 
BAD air quality standard limits (Fig. 4 . 17) .  Additionall , most of the I -hr CO 
level are below 5 mg/ m3 while the average 8-hr concentration levels in most 
of the ca e are below 4 mg/ m3. 
For nitrogen dioxide (NO�), there are two primary standards in BAD au 
quality standard limits. One is a I -hr average of 400 �g/ m3 and another is a 
24-hr average of 1 50ug/ m3. Figures 4 .18-4. 19  show that the N02 leveis were 
below the BAD air quality standard limits for both the I -hr and the 24-hr 
standards at the two stations. However, most of the I -hr N02 leveis are below 
100 ug/ m3 while the average daily concentration levels in most of the cases 
are below 60 ug/ m3. 
Finally, ozone (03) was recorded only at Al Ain School station (residential 
area).  The BAD air quality standard sets 200�g/ m3 for a I -hr average and 
120�g/m3 for an 8-hr average as the standard limits for 03 . Figure 4.20 shows 
that 03 levels were below the I -hr standard limit, while the 8-hr average 
standard l imit was exceeded once in 8/ 5/ 2007 as shown in Fig. 4.21 . 
Furthermore, both the I -hr and 8-hr 03 levels are below 100 �g/ m3 in most of 
the cases. 
Table 4 . 13  summarizes the numbers of exceedances of the standard limits of 
each pollutant through the study period study at the two stations. oticeably, 
P 110 is the pollutant of concern in the ambient air with higher exceedances in 
the downtown area as compared to the residential area. 
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Pollutant 
502 
CO 
N02 
03 
PM 10 
Average 
period 
1 hI" 
24 hI" 
1 yr 
1 hr 
8 h1' 
1 hr 
24 h1' 
1 h1' 
8 hr 
24 hI' 
Al A i n  Street 
Station 
0 
0 
0 
0 
0 
0 
0 
Nj A 
NjA 
93 
2007 
A l  Ain  School Al A i n  Street 
Station Station 
0 0 
0 0 
0 0 
NjA 1 
NjA 0 
0 0 
0 0 
0 NjA 
1 NjA 
39 1 14 
63 
2008 2009 
A l  A i n  School Al A in  Street Al A in  School 
Station Station Station 
0 0 0 
0 0 0 
0 0 0 
NjA 0 NjA 
NjA 0 N/A 
0 0 0 
0 0 0 
0 NjA 0 
0 NjA 0 
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VI 150 
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Fig. 4.12: The I -hr 502 level in the two monitoring stations in Al Ain from 
April 2007 to August 2009 
160 
150 ., 
140 
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120 
Alain School 
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N 
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Fig. 4.13: The 24-hr 502 level in the two monitoring stations in Al Ain from 
Apri1 2007 to August 2009 
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SO 
m- Ala in  School E 40 
'tiD Alain Street :::J 
� 
N 30 0 11'1 
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Year 
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• 
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Fig. 4.14: The 1 - r 502 level in the two monitoring stations in Al Ain from 
April 2007 to August 2009 
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Fig. 4.15: The 24-hr PM10 level in the two monitoring stations in Al Ain from 
April 2007 to August 2009 
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Fig. 4.16: The I -hr CO level at Al Ain Street from April 2007 to August 2009 
12 
10 , 
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m 
E 
"iio 6 !. 
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• 8-hour, CO Standard 
Nov-08 J u n -09 Dec-09 
Fig. 4.17: The 8-hr CO level at Al Ain Street from April 2007 to August 2009 
66 
Impact a/ Traffic an Ambient A Ir Qualif), in Al A in City - UA E 
450 
400 • 
350 
I-hour, N02 Standard 
300 
m-
E 250 "iio 
::::J 
Alain School 
• Alain Street 
N 200 0 z 
150 
100 
50 
0 
Ap r-07 Oct-07 M ay-08 Nov-08 Ju n-09 Dec-09 
Months 
Fig. 4.18: The I -hr N02 level in the two monitoring stations in Al Ain from 
April 2007 to August 2009 
Fig. 4.19: The 24-hr N02 level in the two monitoring stations in AI Ain from 
April 2007 to August 2009 
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Fig. 4.20: The I -hr 03 level at Al Ain School from April 2007 to August 2009 
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Fig. 4.21: The 8-hr 03 level at Al Ain School from April 2007 to August 2009 
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4.3 Temporal changes in pollutant level 
Th ffect of seasonal variations in pollutants concentration was investigated 
at th d wntown site during 2007-2009. These seasonal variations were 
ath"ibuted to the different meteorological conditions such as temperature, 
humidity, wind direction/ speed and sunshine intensity, as well as variations 
in traffic volume at the downtown. 
A. Particulate matter (PM1o) 
Figures -1 .22-4.23 show that the seasonal variations of PMlO levels during 2007-
2009 w re approximately similar at the two stations. The lowest seasonal 
P I t o  levels were recorded in the winter season during the period ovember 
to February due to probably low wind speed and high humidity which 
enhances aggregation of small particles, which in turn helps in particulates 
deposition. However, the high PMI0 levels were noticed during the sununer 
months from May to August due to the higher wind speed that occurred 
between February and August as well as drier weather conditions. 
B. Sulphur dioxide (502) 
Figures 4 .24--1 .25 show the seasonal variations of 502 concentration during 
2007-2009 at the two stations. On the average, higher monthly concentration 
of 502 was detected during the winter months (January to April) and lower 
levels were noticed during the summer months (May-September). According 
to Wilson (1970), the relationship between 502 concentration with 
temperature and relative humidity is an inverse relationship. The high 
temperature accelerates the oxidation rates of 502 to sulphuric acid. However, 
at relative humidity greater than 30%, 502 is oxidized to 503, which reacts 
with vapour to form sulphuric acid. 
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C. Carbon monoxide (CO) 
Figure 4 .26 hows the easonal variations of CO levels during 2007-2009 at Al 
Ain Street Station in the downtown. There was a marked increase in CO 
level in the winter months (December and January) due probably to the 
inver i 11. conditions as well as the cold start of vehicle engines. However, the 
lmve t CO level was noticed in July and August due to reduction of traffic 
and other human activities as a result of summer vacations. On the other 
hand, the CO level approximately had a similar variation in the rest of the 
year. Another point of interest is that there is generally a sl ight drop in the CO 
level from 2008 to 2009. This is probably due to the construction activities at 
Khalifa Street roundabout in 2009, as the two streets were combined into one 
treet and hence the traffic flow was decreased. 
D. Nitrogen dioxide (N02) 
Figures 4.27-4.28 show the seasonal variation of N02 concentration during 
2007-2009 at the two stations. During summer months, N02 levels were 
higher compared with winter months, which mean that N02 levels depend on 
the variation in temperature and humidity .  The higher intensity of sunshine 
in the summer period accelerates the oxidation of NO to N02, then N02 reacts 
with humidity (above 30% level) to form nitric acid (Wilson, 1970) . However, 
humidity in winter can be more but the intensity of sunshine is very low 
which leads to an increase in the level of N02 in the atmosphere. 
The seasonal variation of ozone is shown in Fig. 4.29. Lower levels of ozone 
were detected in the summer months compared with winter months. Despite 
the intensity of sunshine in summer, the low levels of VOCs and NOx lead to 
a decrease in the level of ozone due to low traffic volume in the summer 
period. 
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F. Hydrocarbons (HCs) 
Figure 4.30-4.35 show the seasonal variations of HCs concentrations during 
2007-2009 at Al Ain downtown. The HCs (including benzene, ethylbenzene, 
mp- ylene, o-xylene, toluene, and methane) show similar seasonal trend, with 
higher concentrations in winter and lower ones in summer . This behavior was 
mainly caused by the variation of traffic volume during winter and summer 
period . HCs also can be removed by particulate matter through dry and wet 
deposition as well as chemical removal by OH radicals during the summer 
period.  According to Wathne (1983), HCs removal is faster in summer than 
winter as more sunlight and higher temperatures produce higher chemical 
removal reaction rate. 
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Fig. 4.22: M onthly average PM10 at Al Ain School during 2007-2009 
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Fig. 4.23: Monthly average PMlO concentration at Al Ain Street during 2007-2009 
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Fig. 4.24: Monthl average S02 concentration at Al Ain School during 2007-2009 
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Fig. 4.25: Monthly average S02 concentration at Al Ain Street during 2007-2009 
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Fig. 4.26: Daily average CO concentration at AI Ain Street during 2007-2009 
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Fig. 4.27: Daily average N02 concentration at Al Ain Street during 2007-2009 
74 
impact a/ Traffic on Ambient A ir Quality in AI A in City - UA E 
0.045 
0.04 
0.035 
0.03 
0,025 
� 0.02 
Q. 
� 0.015 
N 
a Z 0.01 
0.005 
o 
, 
• 
• • 
-
2008 
. . . . . . •  2007 
Jan Feb M a r  Apr May J u n  J u l  Aug Sep Oct Nov Dec 
Month 
Fig. 4.28: Daily average N02 concentration at Al Ain School during 2007-2009 
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Fig. 4.29: Daily average ozone concentration at Al Ain School during 2007-2009 
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Fig. 4.30: Daily average benzene concentration at Al Ain Street during 2007-2009 
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Fig. 4.31: Daily average ethylbenzene concentration at Al Ain Street during 
2007-2009 
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Fig. 4.32: Daily average mp-xylene concentration at Al Ain Street during 2007-2009 
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Fig. 4.33: Daily average o-xylene concentration at  Al Ain Street during 2007-2009 
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Fig. 4.34: Daily average toluene concentration at Al Ain Street during 2007-2009 
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Fig. 4.35: Daily average methane concentration at Al Ain Street during 2007-2009 
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4.4 Spatial changes in pollutants level 
In thi section, the variations in the concentrations of air pollutants due to 
patial changes were e amined for the two different monitoring locations (AI 
Ain treet Station and Al Ain School Station) during the period 2007-2009. 
The tatistical independent sample t-test technique is appropriate to analyze 
the mean comparison of two independent locations for determining whether 
or not the pollutants concentration levels are significantly different between 
the two locations. However, since not all the pollutants were measured at 
both tations, only four pollutants were examined, which include PMlO, 502, 
02 and CH,l . 
The assumptions underlying the independent sample t-test are the normal 
distribution and equal variance on the dependent variable, which is the 
pollutant concentration in this case. Therefore, the normality and 
homogeneity of variance need to be examined. Table 4 .14 shows that the tests 
of normali ty and test of homogeneity of variance failed for all pollutants since 
p-values of al l  pollutants are less than 0.05. Therefore, the independent 
sample t-test is not appropriate for these pollutants. However, the Mann­
Whintney-Wilcoxon test procedure (Nonparametric test) m the two 
independent samples was suggested as an alternative for the t-test for 
mdependent samples (SPSS, 2005). 
Tables 4 . 15  gives Mann-Whintney-Wilcoxon test results for all pollutants. As 
can be seen from these tables, there is a statistically significant difference in 
pollutants levels between Al Ain School Station at the residential area and Al 
Ain Street Station at the downtown area (the significance p-values < 0.05) . 
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Figur s 4.36-4.39 how the box plot comparison for the four pollutants levels 
at the two station during 2007-2009. It was found that Al Ain Street has a 
high r pollutant levels than Al Ain School Station. The higher pollutants 
I vel at Al Ain Street Station are attributed to the influence of road traffic 
volume and population intensity compared to Al Ain School Station area. 
Table 4.14: Tests of normal ity, homogeneity for all pollutants 
Test of Normality Test of homogeneity of 
Pollutant Station (Koi mogorov-Smimov) variance (Levene) 
Statistic p-value Statistic p-value 
Al Am School 0. 201 0.000 
667 0.000 P ho Al Ain Street 0. 217 0.000 
Al Am School 0 .180 0.000 
9730 0.000 SO" Al A in Street 0 .214 0.000 
A l  Ain School 0.078 0.000 
834 0.000 0, A l  Ain Street 0.091 0.000 
Al Am School 0. 248 0.000 
3 2051 0.000 CH4 Al Ain Street 0.093 0.000 
Table 4.15: Mann-Whitney test for all pollutants 
Mann-Whitney test 
Pollutant Statistic p-value 
PMlO -55. 1 16  0.000 
S02 -1 20.398 0.000 
N02 -18. 102  0.000 
CI-L -97.728 0.000 
80 
Impact o/ Traffic on Ambient A ir Quality in AI Am City - UAE 
Table 4.16: Descriptive tatistics of PM10 levels at the two stations during 
2007-2009 
Oescri ptives 
PM 1 0 , us/m3 
N Mean Std . Deviation Std . Error Minimum Maximum 
Alain School 2 1 097 1 04 . 3299 1 1 6 . 59748 . 80275 2 . 6 1  1 026 64 
Alain Street 22 894 1 57 . 0975 1 69 . 5972 1 1 . 1 2088 1 . 1 2  1 72 5 . 88 
Total 4399 1 1 3 1 . 79 1 4  1 48 . 94087 .7 1 0 1 2  1 . 1 2  1 72 5 . 88 
* 
".� * 90 * * I * 800- * i 
j: i 
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600- t t * 
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* E * C, t t 
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0-����������==� __________________ -l=======r------------J I SOug/mJ, H-bour PM I 0 standard I J I J I J 100- I I 
0 
i. 1 
I 
Alain School Alain Street 
Station Location 
Fi . 4.36: Box plot comparison for 24-hr PM10 levels at the two stati
ons during 
g 
2007-2009 
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Table 4.17: Descriptive statistics of 502 level at the two stations during 2007-
2009 
N Mean 
Descri ptives 
S02 , ppb 
Std. 
Deviation Std. Error M i n imum Maximum 
Alain School 1 792 1 1 .47 1 2  1 .57654 . 0 1 1 78 . 0 1  46.40 
Ala i n  Street 1 82 1 9  8 . 5861 1 0 . 8 1 646 .080 1 4  .01  77 .56 
M E 
a. ::I 5 N 0 
f/) 
Total 36 1 40 5 .0580 8 .536 1 7  .04490 . 0 1  77 .56 
S02 standard = 150 ug/m3 for 24hour average 
* * * 
* * 
* 
I 
j; 
• 
t 
* 
* 
* 
§ 
€l 
�� 
° L--------------- -. IS--h--I------------
--
----
---A�I�ai�n�S�tr=ee=t--
--
--------� 
A am C 00 
Station Location 
Fi . 4.37: Box plot comparison for 24-hr 502 levels at the 
two stations during 
g 
2007-2009 
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Table 4.18: De criptive stati tics of 02 levels at the two stations during 2007-
2009 
Oescriptives 
N02 ug/m3 
N Mean Std. Deviation Std. E rror M in imum Maximum 
Alain School 
Alain Street 
Total 
24(}-
22(}-
200-
1So-
16(}-
140-
so 
60 
40 
20-
o 
1 2943 
1 9489 
32432 
25 .7790 
30.7869 
28 .7883 
* 
* 
I I 
I I 
� 
Alain School 
1 8 . 1 1 026 
23 .01 5 1 7  
2 1 . 33538 
Station Location 
. 1 59 1 9  
. 1 6486 
. 1 1 847 
.08 
. 02 
.02 
1 1 4.33 
224.80 
224.80 
N02 Standard = 400 uglm3 for 1 hour  average 
* 
Alai n Street 
Fi . 4.38: Box plot comparison for l -hr 02 levels at the two sta
tions during 
g 
2007-2009 
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Table 4.19: De criptive statistics of CH� levels at the two stations during 2007-
2009 
Oescriptives 
CH4 , f2f2m 
N Mean Std . Std .  E rror M in imum Maximum Deviation 
Alain School 1 39 3 1  1 .4 1 36 .40385 .00342 . 0 1  4 .57 
Alain Street 1 8 1 22 2 .6643 1 . 01 325 .00753 . 0 1  7.70 
Tota l 32053 2 . 1 207 1 .0 1 769 .00568 . 0 1  7.70 
8 
* 
7 
6 
-r-
5 
* 
E a. * ':4 -.r J: U 
3 
2 
0 • 
-, � 
Alain School Alain 
Street 
Station Location 
Fi . 4.39: Box plot comparison for 24-hr CH-l levels at the two s
tations during 
g 
2007-2009 
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4.5 Air qual ity index 
Th air quality index (AQI) i a very useful parameter, developed by the US 
EP to characterize the quality of the air at a given location. It is also known 
a the air pollution index (API) or pollutant standard index (PSI). The AQI 
integrates air quality data for the five criteria pollutants (CO, 03, PM10, S02 
and 02) into a single number that represents the worst daily air quality in an 
urban area. That means if the concentration of any one of the five criteria 
pollutants rises to the level of its air quality standard at any location, the air 
quality in that area is considered "unhealthy' l for that particular day, even 
though the concentrations of the other four criteria pollutants may be below 
their corre ponding standard limits .  On the other hand, lead (Pb) is not 
included in the AQI since it does not have a short term l imits in the US 
AAQS. Descriptive terms ranging from good to hazardous are given to 
ranges of the AQI values as shown in Table 4 .20. As the AQI increases, the 
adverse human health effects are also increased (Masters, 1997) . 
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Table 4.20: AQI alue de crI'pt d . , or , an assocIated health effects (EPA, 2009) . 
AQI 
Level of Hea l t h  Concern 
Moderate 
• u merical 
Value 
51 to 1 0 0 
201 to 300 
101 to 500 
Meaning 
Air quality is acceptable; however, 
for some pollutants there may be a 
moderate health concern for a very 
small number of people who are 
unusually sensitive to air pollu tion . 
l lealth a lert: everyone may 
ex perience more serious health 
effects 
I lea l th  wa rn i ngs of emergency 
cond itions. 'I he en tire population is 
more l ikely to be affected. 
According to Masters (1997), there are some limitations of the use of the AQI .  
The AQI does not take into consideration the damage air pollution that may 
cause to animals, vegetation and materials as it is only based on human 
health. It also does not take into account the possibil ity of interaction effects 
between the pollutants . For instance, the combination of 502 and particulates 
is considered to be much more damaging to health than the sum of the 
individual effects. Furthermore, Peavy et al . (1985) mentioned that the AQI of 
a given area can be affected by data inaccuracies due to mis-calibration as 
well as other variables such as topography, tall  buildings, and 
micrometeorology . 
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In the Abu Dhabi Emirate, the EAD calculates the AQI according to the U 
EPA AQI tandard. The AQI of a day can be calculated based on air quality 
tandard breakpoints which are shown in Table 4.21 . This table shows the 
QI numbers corresponding to various pollutant concentrations. Linear 
interpolation between breakpoints may be used to compute the AQI "sub 
index II for each pollutant. Note that the highest AQI sub-index decides the 
overall air quality level on that day . 
In this study, the air pollutants concentrations from the two fixed stations in 
AI Ain were used to compute the AQI .  The AQI for every hour for each 
pollutant at the two stations was calculated daily based on AQI breakpoints 
(Table 4 .21 ) .  On the other hand, the air pollutants data collected from the two 
fixed stations had inconsistency in their format. Some of these pollutants are 
expressed in I-Lg/ m3 whereas others are in ppm or ppb. Therefore, the values 
were converted to the appropriate unit so that the pollutant sub-index can be 
determined . The conversion factors were 1 ppm = 0.001 ppb; 1 ppm of 
CO=0.87 mg/ rn3; 1 ppb of S02 = 0.38 I-Lg/ m3; 1 ppb of N02 = 0.53 /!g/ m3; and 
1 ppb of 03= 0.51 /!g/m3. 
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Table 4.21 : Breakpoints for the AQI (US EP A, 2009) 
0] (ppm) 
8-hr 
0.000 - 0.059 
0.060 - 0.075 
0.076 - 0.095 
0.096 - 0. 1 1 5  
0.1 16 - 0.374 
(0.155 - 0.404)-
(3) 
(3) 
-- -
OJ (ppm) 
[I-hr) 
-
-
0.125 - 0. 164 
0.1 65 - 0.204 
0.205 - 0.404 
0.405 - 0.504 
0.505 - 0.604 
PMI0 (flwmJ) PM 2.5 (IlWmJ) 
[24-hr) [24-h r] 
0 - 54 0.0 - 1 5.4 
55 - 1 54 15.5 -40.4 
1 55 - 254 40.5 - 65.4 
255 - 354 65.5 - 1 50.4 
355 - 424 1 50.5 - 250.4 
425 - 504 250.5 - 350.4 
505 - 604 350.5 - 500.4 
co (ppm) 50z (ppm) NOz (ppm) 
AQI AQI category 
[8-hr) [24-hr) [I-hr] 
0.0 - 4.4 0.000 - 0.034 (2) 0 - 50 Good 
4.5 - 9.4 0.Q35 - 0 . 144 (2) 51 - 100 Moderate 
9.5 - 1 2.4 0.1 45 -0.224 (2) 101 - 150 UnhealUly for Sensitive Groups 
1 2.5 - 1 5.4 0.225 - 0.304 (2) 1 51 - 200 UnhealOly 
1 5.5 - 30.4 0.305 - 0.604 0.65 - 1 .24 201 - 300 
Very unheal Oly 
30.5 - 40.4 0.605 - 0.804 1 .25 - 1 .64 301 - 400 Ha7.ardous 
40.5 - 50.4 0.805 - 1 .004 1 .65 - 2.04 401 - 500 Hazardous 
-
1 Areas arc required to report Ole AQI based on 8-hr ozone values. However, Olere are areas where an AQI based on I -hr ozone values would be mOTe protecb.ve. In Ulese cases Ole mdex for both 
Ole 8-hr and Ule I -hr  ozone values may be calculated and tile maximum AQI reported. 
2 N02 has no short-term NAAQ5 and can generate an AQI only above a value of 200. 
3 8-hr 03 values do not defule hIgher AQI values (2: 301) . AQI val ues of 301 or hIgher arc calculated with I -hr  03 concentrations. 
4 The numbers 111 parenOleses are associated 1 -hr  values to be used m ti1is overlapp111g category only. 
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Table 4 .22-4 .27 show the summary of AQI values including the average, 
minimum and maximum values for the years 2007-2009 in Al Ain. The re ults 
show that air quality varies from " good" in winter months (November to 
February) to "unhealthy" in pre-summer months (March to May). 
Conversely, the air quality improves ("good" to "moderate") during the 
transition from summer to winter periods (Fig. 4.40-4.45). The PM10, 
however, was identified as the dominant pollutant in the index value more 
than 98% of the time at most locations. 
At Al Ain Residential area (AI Ain School Station) 
The air quality was considered "good" 18%, 56% and 27% of the time, 
"moderate" 68%,  26% and 51 % of the time, "Unhealthy for sensitive groups" 
13%,  9% and 1 4 %  of the time and "unhealthy" 1 %, 3% and 3% of the time, 
during 2007-2009, respectively. However, the air quality was considered as 
livery unhealthy" 0%,  2% and 1 % of the time, and "hazardous" 0%, 3% and 4% 
of the time, during 2007-2009, respectively. Also, the annual average AQI 
value were 72, 70 and 89 showing that the air quality was "moderate" most of 
the time during 2007-2009, respectively . All the AQI values exceeded the 50 
value (good level) due to PM10 level . However, the AQI values of S02, N02 
and 03 were very small compared to AQI values of PM10 at Al Ain School 
Station as a resul t  of low traffic volume and little commercial activities 
nearby . 
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At Al Ain Downtown area (AI Ain Street Station) 
Th air quality wa con idered IIgoodll 5%, 17% and 14% of the time, 
IImoderatell 64% ,  54 % and 55% of the time, " unhealthy for sensitive groupsll 
21 %, 14% and 1 8 %  of the time, l Iunhealthyl l 5%,  6% and 5% of the time, during 
2007-2009, respectively . However, the air quality was considered as " very 
unh althy" 1 %, 2% and 2% of the time, and I Ihazardousll 4%,  7% and 5% of the 
time, during 2007-2009, respectively. Also, the annual average AQI value was 
1 16, 1 1 2  and 100 showing that the air quality was I Imoderatell most of the time, 
during 2007-2009, respectively. On the other hand, all the AQI values 
e ceeded the 50 value (good level) due to PMI0 level . 
In general, the assessment of air quality during 2007-2009 at the two stations 
In Al Ain indicates that 52% of the calculated average AQI values are 
categorized as " moderate" and 24% as "goodll, 15% II unhealthy for sensitive 
groups", 4% l Iunhealthy", 1 % livery unhealthyll and 4% IIhazardousll . However, 
the Al Ain residential area had better air quality than Al Ain downtown area, 
since most of the 82% of AQI values at Al Ain School Station were 
concentrated between good to moderate levels, and 18% of AQI values 
distributed within unhealthy to hazardous levels, while at AI Ain Street 
Station, 70% of the AQI values were between good and moderate, and 30% of 
the AQI values distributed within unhealthy to hazardous levels. On the 
other hand, it was noticed that air was much more polluted in pre-summer 
and summer months than in other seasons. Also, the critical pollutant 
affecting the AQI was PMIO at the two locations in Al Ain. 
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Table 4.22: Number of day of each AQI category based on data from Al Ain 
hool tation in 2007 
0-50 51-100 
Month 
Good Moderate 
January 
February 
March 
April 2 1 8  
i\ 1ay 2 1 8  
June 1 1 9  
Ju ly 29 2 
ugust 21 
September 1 9  
October 1 27 
:-\0\. ember 2 28 
December 9 22 
� 46 1 74 
00 1 8% 68% 
r 
500 
450 
400 
350 
300 
a 250 I ct 
200 
1 50 
1 00 
50 
0 
Apr May 
101-150 
Unhealthy 
for 
Sensiti e 
Grou s 
6 
3 
7 
1 0  
7 
33 
1 3% 
J u n  
151-200 201-300 >300 --��� 
Very Unhealthy U h I h Hazardous n ea t y 
---
1 
2 
3 
1 % 0% 0% 
J u l  Aug Sep Oct Nov 
Month 
AQI AQI 
Range Average 
38-165 89 
6-200 85 
48-1 32 76 
21-51 31 
55-1 21 92 
64-1 23 89 
40-82 63 
44-95 64 
23-81 56 
6-200 72 
Dec 
Fig. 4.40: AQI based on Al Ain School Station data in 2007 
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Table 4.23: umber of day of each AQI category based on data from Al Ain 
Street Stati n in 2007 
Month 
January 
February 
;" larch 
priJ 
May 
June 
Juh-
Augu t 
September 
October 
ovember 
December 
L 
010 
a <2: 
l 
0-50 
Good 
2 
4 
7 
1 3  
5% 
500 
450 
400 
350 
300 
250 
200 
1 50 
1 00 
50 
0 
Apr 
51-100 
Moderate 
1 1  
1 6  
1 1  
1 1  
23 
25 
29 
26 
23 
1 75 
64% 
May 
1 01-150 
Unhealthy 
for 
Sensitive 
Grou s 
1 1  
4 
1 4  
1 7  
8 
4 
58 
2 1 %  
J u n  
151-200 201-300 >300 
Very Unhealthy U h I h Hazardous n ea t y 
J u l  
4 
3 
3 
2 
1 3  
5% 
Aug 
Month 
3 
8 
3 1 2  
1 %  4% 
Sep Oct Nov 
Range Average 
56-500 1 54 
68-500 202 
58-428 1 22 
76-221 1 1 3  
66-1 32 92 
65-160 86 
35-85 65 
44-93 61 
36-80 57 
44-500 1 1 6 
Dec 
Fig. 4.41 : AQI based on data from Al Ain Street Station in 2007 
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Table 4.24: Number of day of each AQI category ba ed on data from Al Ain 
chool tation in 200 
Month 
January 
February 
\ larch 
pnl 
lay 
June 
Jul\' 
August 
September 
October 
Tovember 
December 
L 
% 
B � 
O-SO 
Good 
22 
1 3  
1 
1 
22 
2 
27 
25 
23 
31  
19  
19  
205 
56% 
500 
450 
400 
350 
300 
250 
200 
1 50 
1 00 
50 
0 
J a n  
51 -1 00  
Moderate 
9 
7 
20 
1 1  
2 
5 
4 
6 
7 
1 1  
1 2  
94 
26% 
101-lSO 
Unhealthy 
for 
Sensitive 
Grou s 
3 
6 
14  
3 
7 
1 
34 
9% 
151-200 201-300 >300 
Very Unhealthy U h I I Hazardous n ea I ty 
----
2 1 2 
2 1 
4 
3 1 
1 3 10  
12  6 1 2  
3% 2% 3% 
Range Average 
1 3-99 40 
1 1 --11 7  95 
34-271 96 
29-1 86 1 1 0 
1 3-231 66 
1 4-500 225 
1 9-61 37 
1 4-87 33 
1 5-101 40 
9 - 37 1 8  
9 - 88 33 
26-76 46 
9-500 70 
Feb Mar Apr May J u n  J u l  A u g  S e p  Oct N o v  Dec 
Months 
Fig. 4 .42: AQI based on data from Al Ain School Station in 2008 
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Month 
January 
February 
\ Ia rch 
Apnl 
� [ay 
June 
July 
August 
September 
October 
l\'ovember 
December 
L 
0, 0 
6' <t 
O-SO 51-100 1 01-lSO 
U nhealthy 
Good Moderate for 
Sensitive 
Grou s 
1 1  1 6  2 
4 1 6  4 
21 8 
9 1 2  
1 6 5 
14  5 
21 7 
25 6 
24 2 
7 24 
22 7 1 
1 6  1 5  
61 1 98 52 
1 7% 54% 1 4% 
500 
450 
400 
350 
300 
250 
200 
1 50 
1 00 
50 
0 
J a n  Feb Mar Apr 
151-200 201-300 >300 ----
Very Unhealthy U h I h Hazardous n ea t y 
���--
1 
2 2 2 
1 1 
8 1 
1 9  
6 2 3 
3 
2 1 1 
23 7 25 
6% 2% 7% 
Range Average 
1 7-1 66  58 
45-500 1 21 
55-273 101 
74-223 1 24 
4+500 345 
63-500 1 51 
65-186 100 
51-139 82 
54-41 9  1 06 
42-90 57 
1 7-1 1 9  48 
27-82 50 
1 7-500 1 1 2  
May J u n  J u l  A u g  S e p  Oct Nov Dec 
Months 
Fig. 4.43: AQI based on data from Al Ain Street Station in 2
008 
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Table 4.26: umber of days of each AQI category based on data from Al Ain 
cho 1 Station in 2009 
0-50 51-100 101-150 
Month 
U nhealthy 
for Good Moderate 
Sensitive 
Grou s 
January 14 1 7  
Febnlary 2 1 9  3 
�1arch 8 1 2  9 
pril 21 4 
:-' lay 1 2  7 
J une 3 1 3  7 
July 9 
August 22 4 
September 1 9  1 1  
o tober 4 22 2 
November 1 5  9 
December 22 3 1 
L 87 161 46 
0, 27% 51% 14% 0 
j: 450 
400 
350 
300 
a 250 c:x: 
200 
1 50 
1 00 
50 
0 
J a n  Feb M a r  Apr 
151-200 201-300 >300 --��- -
Very Unhealthy U h I h I lazardous n ea t y 
���� -
2 
1 
1 1 
2 
2 2 
1 
9 3 
3% 1% 
2 
1 
7 
2 
1 2  
4% 
Range Average 
21-78 50 
39-500 1 04 
1 9-370 90 
52-251 90 
86-133 1 07 
31-165 89 
1 05-500 246 
51 -500 1 05 
9--82 40 
22-1 23 64 
1 7-86 42 
7-1 48 -10 
7-500 89 
May J u n  J u l  A u g  S e p  Oct Nov Dec 
Months 
Fig. 4.44: AQI based on data from Al Ain School Station in 2009 
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Table 4.27: umber of day of each AQI category ba ed on data from AI Ain 
tre t tation in 2009 
Month 
January 
February 
� Iarch 
April 
May 
June 
July 
August 
September 
October 
-m:ember 
December 
o o 
a ex: 
0-50 
Good 
1 2  
1 
6 
22 
o 
41 
1 4% 
500 
450 
400 
350 
300 
250 
200 
1 50 
1 00 
50 
0 
Jan 
51-100 
Moderate 
1 9  
20 
1 4  
21 
o 
3 
1 3  
23 
24 
23 
1 64 
55% 
Feb 
101-150 
Unhealthy 
for 
Sensitive 
Grou s 
2 
7 
6 
5 
o 
1 3  
1 0  
4 
7 
54 
1 8% 
M a r  A p r  
151-200 201-300 >300 
Very Unhealthy U I I I H azardous n lea I ly 
3 
2 
2 
1 
4 
3 
1 
16 
5% 
May Jun 
Months 
1 
1 
3 
5 
2% 
J u l  
2 
2 
1 0  
2 
16 
5% 
Aug Sep 
Range 
22-84 
42-500 
21 -412 
53-281 
1 7-1 28 
36-153 
88-500 
77-500 
52-1 51 
53-1-14 
57-97 
1 7-500 
Oct 
Fig. 4.45: AQI based on data from AI Ain Street Station in 2009 
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Average 
54 
1 18 
1 01 
91 
47 
73 
231 
1 47 
85 
89 
68 
1 00 
Nov 
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4.6 Effects of meteorological conditions on pollutant level 
lthough motor vehicle are possibly a major cause of air quality 
deterioration, meteorological conditions (temperature, wind speed and 
dir ction) influence the concentration level of emitted pollutants by dilution, 
conversion, or pread into an originally unaffected zone. In this section, the 
effect of air temperature, wind speed and wind direction on pollution level 
in Al in were investigated . A bivariate correlation analysis was used to 
measure the association or relationship between the meteorological variables 
and pollutants level . The results of this analysis were summarized in Tables 
4.2 -4.42 for the two stations during 2007-2009. Note that the Pearson's 
coefficient (r) was used and it varies between -1 and +1 ,  where a +1 represents 
a positi e perfect degree of association, and a -1 represents a negative perfect 
degree of association between the two variables. Moreover, the p-value 
indicates the statistical significance of the correlations between the 
meteorological variables and pollutants levels .  
For the data collected at Al Ain School Station, Tables 4 .28-4.32 show that the 
meteorological parameters have a significant effect (p<0.05) for all pollutants 
except 02 and for the wind direction on CH4. The temperature has a positive 
relationship with PMlO and a negative relationship with S02, 03 and CH4. 
Table 4.30 indicates that temperature has the strongest relationship with 
ozone, while the other pollutants have moderate relationship with 
temperature. On the other hand, the wind speed shows a positive relationship 
with PMlO, 03 and CH4 and a negative relationship with S02. All these 
relationship are moderate linear association. Finally, the wind direction has a 
positive moderately strong linear association with PM10 and 03 and a 
negative weak l inear association with S02. 
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For the data collected at Al Ain Street Station, Tables 4.33-4.42 how that the 
met orological parameters have a significant effect (p<O.05) for all pollutant 
e cept the wind peed on CH.l and ethylbenzene. Temperature has a positive 
relationship only with PMlO and a negative relationship with other pollutant . 
Tabl 4.34 indicate that the temperature has a negative strongest relationship 
with S02. However, the temperature shows moderate strong l inear 
a sociation with PMlO, N02, benzene, toluene, ethylbenzene, mp-xylene and 
0- 1'1 ne and a weak l inear association with CO and ca. On the other hand, 
the wind speed shows a positive relationship only with PMlO and a negative 
relationship with other pollutants . All these relationships are moderate strong 
l inear association except for CO and N02 which have weak linear associations 
with wind speed . Finally the wind direction has a positive relationship with 
all pollutant except with S02 which shows a negative relationship. However, 
al l  these relationships are weak except for PMlO which has a moderate strong 
linear association with wind direction. 
Table 4.28: Effect of meteorology on PMlO level at Al Ain School during 2007-2009 
Tem pera ture Wind Speed Wind Direction 
Pearson Pearson Pearson Year 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2 0 07 0. 272-- 0 . 0 0 0  0 . 18; 0 . 003 -0 . 169** 0. 0 07 
?008 0. 0 21 0 .688 0.062 0. ')·-13 0. 23; 0 . 000  
2 0 09 0 .31 5� 0.0 0 0  0 . 190'" 0. 0 01 0. 284** 0. 000  
Table 4.29: Effect of meteorology on S02 Ievei at Al Ain School during 2007-2009 
Tem erature Wind S eed Wind Direction 
Pearson Pearson Pearson Year 
Correlation p-value Correlation p-value Correlation p-value 
R R R 
2007 - 0.336" 0 . 0 0 0  - 0. 199** 0 . 0 02  -0 . 088 O. l b-
2 0 08 - 0.383 ... 0 . 0 0 0  0.3 25" 0 . 000  - 0. 2 01- 0 . 000  
2 0 09 0. 083 0. 278 - 0. 23; 0. 000  -0 . 1 27" 0 . 024 
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Table 4.30: Eff ct of meteorology on 03 level at  AI Ain School during 2007-2009 
Temperature Wind Speed Wind Direction 
Year Pearson Pearson Pearson 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2007 - 0.359� 0 . 0 0 0  - 0 . 2 00'" 0. 001 0.1 26' 0 . 0-10  
2008 -0.633** 0 . 000  0.392** 0. 0 00  0 .21 2** 0 . 000  
2 0 09 - 0.626" 0 . 0 0 0  0.1 21 ' 0 . 027 0.351" 0 . 000  
Table 4.31 : Effect of meteorology on O2 level at Al Ain School during 2007-2009 
Temperature Wind Speed Wind Direction 
Year Pearson Pearson Pearson 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2 0 07 0 . 0 07 0 908 0 . 0 03 0.958 0. 068 0.269 
_008 0.491** 0 . 0 0 0  -0 . 258** 0 . 000  0. 0 23 0.678 
2 0 09 - - - - - -
Table 4.32: Effect of meteorology on C� level at AI Ain School during 2007-2009 
Temperature Wind SJeed 
Pearson Pearson 'r ear 
Correlation p-value Correlation p-value 
(R) 
2007 0 . 160" 0 .014 
2 0 08 - 0.640" 0 . 0 0 0  
2 0 09 - -
. .  . CorrelatIon 15 Significant at the 0.01 level (2-tailed) 
- CorrelatIon is Significant at the 0.05 level (2-tailed) 
(R) 
0 .139** 0. 033 
0.73 0** 0 . 0 00  
- -
Wind Direction 
Pearson 
Correlation p-value 
(R) 
0.1 19  0 0h9 
-0. 046 0 387 
- -
Table 4.33: Effect of meteorology on PMlO level at  Al Ain Street during 2007-2009 
Temperature Wind SJeed Wind Direction 
Pearson Pearson Pearson 
Year 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2 0 07 0. 299'" 0.0 0 0  0.464** 0 . 000  0.1 58** 0 . 009 
2008 0.254" 0. 0 0 0  0.375- 0 . 000  0.31/ 0 . 000  
2 0 09 0 . 196" 0 . 0 0 0  0.180" 0 . 0 01 0 .138' 0. 01 3  
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Table 4.34: Effect of meteorology on S02 levei at  AI Ain Street during 2007-2009 
Temperature Wind Speed Wind Direction 
Year Pearson Pearson Pearson 
Correlation p-value Correlation p-value Correlation p-va]ue (R) (R) (Rl 2007 -0. 269� 0.000 -0.3S4� 0.000 -0.194� 0.007 
2008 -0.344- 0.000 0.000 0.995 0.064 o "n-
2009 -0.636� 0.000 -0.398- 0.000 -0.1 52' 0.022  
Table 4.35: Effect of  meteorology on CO level at AI Ain Street during 2007-2009 
Temperature Wind SJeed Wind Direction 
Year Pearson Pearson Pearson 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2007 -0.141' 0 .024 -0.134' 0.032 0 .18/ 0.003 
2008 -0.356� 0.000 -0.106' 0.043 0.081 o 1 :2 1 
2009 0.174- 0.001 0.025 0.6-18 0 .168** 0.002 
Table 4.36: Effect of meteorology on N02 levei at Al Ain Street during 2007-2009 
Temperature Wind Speed Wind Direction 
Year  Pearson Pearson Pearson 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2007 -0.428** 0 .000 -0.071 0 255 0.141' 0.0 2 2  
2008 -0.248'" 0.000 0.143' 0.01 2 0.164� 0.004 
2009 -0.136' 0.014 -0.315" 0.000 -0.016 0.-:-2 
Table 4.37: Effect of meteorology on CH4 1evei at Al Ain Street during 2007-2009 
Temperature Wind Speed 
Pearson Pearson 
Year 
Correlation p-value Correlation p-value 
(R) 
2007 -0.1 00 0 1 1 1  
2008 0.369" 0.000 
2009 -0.300** 0 .000 
. .  . CorrelallOn 15 significant at the 0.01 level (2-tailed) 
- Correlation is Significant at the 0.05 level (2-tailed) 
(R) 
-0. 276** 0.000 
0.083 0.1 1 6  
-0.079** 0.351 
Wind Direction 
Pearson 
Correlation p-value 
iR) 
0. 201** 0.001 
0.174� 0.001 
-0. 260' 0.002 
Table 4.38: Effect of meteorology on benzene level at Al Ain Street during 2007-2009 
Temperature Wind Speed Wind Direction 
Pearson Pearson Pearson 
Year Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2007 -0.042 0 595 -0.482" 0.000 -0. 271 0.000 
2008 -0. 219** 0.000 -0.023 0 66,,], 0 .169" 0.001 
-0. 298- 0.000 -0.195** 0.001 0 .1 28' 0.029 ?009 
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Table 4.39: Effect of meteorology on toluene level at AI Ain Street during 2007-2009 
Temperature Wind Speed Wind Direction 
Year Pearson Pearson Pearson 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2007 -0.40i 0.000 -0.41S'" 0.000 -0.009 o yo 
200S -0.209·' 0.000 -0.006 0 903 0 .182" 0.000 
2009 -0.260- 0.000 -0.21i 0.000 0.121' 0.038 
Table 4.40: Effect of meteorology on ethylbenzene level at Al Ain Street during 2007-2009 
Temperature Wind Speed Wind Direction 
Year Pearson Pearson Pearson 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2007 -0.774� 0.000 -0.779" 0.000 -0. 1 14  o 1 2lJ 
200S -0.239" 0.000 -0.041 o ·ns O.lSr 0.001 
2009 0.026 o � 1 0  0.009 0.896 0.2SS" 0.000 
Table 4.41 : Effect of meteorology on mp-xylene level at Al Ain Street during 2007-2009 
! Temperature Wind Speed Wind Direction 
Year Pearson Pearson 
Pearson 
Correlation p-value Correlation p-value Correlation p-value 
(R) (R) (R) 
2007 -0.54r 0.000 -0.684" 0.000 -0.046 o ')5� 
2008 -0.336«- 0.000 -0.043 0.+09 0.234" 0.000 
2009 -0.29i 0.000 -0.273'" 0.000 0.082 0 . ] (  I 
Table 4.42: Effect of meteorology on o-xylene level at Al Ain Street during 2007-2009 
Temperature Wind SJeed 
Pearson Pearson 
Year Correlation p-value Correlation 
(R) (R) 
2007 -0.520'" 0.000 -0.572" 
200S -0.359- 0.000 -0.053 
?009 -0.409'- 0.000 -0.21 5-. .  
. Correlation 15 SIgnificant at  the 0.01 level (2-tailed) 
.. Correlation is significant at the 0.05 level (2-tailed) 
1 0 1  
p-value 
0.000 
o 11-l 
0.000 
Wind Direction 
Pearson 
Correlation p-value 
(R) 
0.131 0 1 011 
0.215" 0.000 
0.1 1 6' 0.047 
Impact of Traffic OJ) Ambient A ir QualtlY In Al  Am City - UAE 
Chapter 5 :  Vehicle Characteristics and Fuel Consumption 
5.1 Street configuration 
Street configuration is one of the most important elements in urban area, 
where population and traffic density are relatively high. Resident's exposure 
to air pollution is expected to significantly increase when the buildings are 
packed and street are narrow (Green and Etheridge, 2001) .  However, street 
configuration influences the concentration and dispersion of air pollutants 
e pecially 111 a street canyon. The total pollution concentration can be 
e timated by the summation of street contribution and background 
contribution. Street contribution includes the direct plume from traffic and 
recirculation air between the upwind building (leeward side) and downwind 
side (windward) (Berkowicz, 2000) . In addition, the road distance between 
two major intersections can influence the pollution dispersion. 
The wind flow regimes influence the concentration and dispersion of 
pollution in an urban street canyon. Oke (1988) classified the wind flow 
regimes into isolated roughness, wake interface, and skimming flow as shown 
in Fig. 5 .1 . 
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I so la ted r o u g h n e s s  f l o w  
-------------------. 
W a ke in te rfe r e n c e  f l o w  S k im m ing  f l o w  
Fig. 5.1 : Wind flow regimes associated with a ir  flow over building and aspect 
ratio (Oke, 1988) 
For a wide canyon, where the height of building over the width between the 
buildings and the buildings opposite to street is less than 0.3, the buildings 
are well separated and act essentially as isolated roughness elements. In this 
case, the air flows a significant distance downward from the first building 
before facing the next one. In the wake interface regime, the buildings are 
more closely spaced (H/W:::::lO.S) and the air flow has inadequate distance to 
readapt the flow before facing the next obstacle. On the other hand, the air 
flow skims over the buildings in the regular canyon street geometry (H/W:::::l1 )  
producing skimming flow (Oke, 1988) . 
In  Al Ain city, the wide canyon street geometry is approximate to the relative 
dimensions of Khalifa Street, where Al Ain Street Station is located. Since the 
maximum height of the buildings is approximately 20m and the width 
between buildings across the street is about 70m, so the ratio of the height 
over width is approximately less than 0.3. Therefore, the isolated roughness 
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flow i appl icable to Khalifa Street. However, most of the streets in Al Ain city 
are nearly flat with the e ception of Jabel Hafit area . 
In Al Ain downtown area, the streets are characterized as modern grid-type 
y tern, with mostly major arterial streets of typically dual 3-lanes 
carriageways, with median landscaping along the streets and additional 
land caped feature at junction roundabouts.  The width of each lane is 
appro imately 3 .7m and that of the separator (median) is Sm. Most of the 
medians are unpaved and utilized to grow palm trees. The roads are designed 
for traffic speeds of 60 kilometers per hour and served by excessive amounts 
of car parking. However, most of the city's arterial intersections are operated 
by roundabouts and others with signals intersection, but these roundabouts 
are currently upgraded to signalized intersections and the overpass (bridge) is 
being removed (RTTSRC, 2007) . 
On the other hand, the buildings in Al Ain downtown area follow a 
horizontal pattern in expansion. They are characterized generally by three to 
four story buildings, each joined to its neighbor with commercial frontage on 
two sides. The average height of the buildings on both sides of the streets is 
about 1 5  meters. 
The study area of Al Ain downtown, which covers a rectangular area of 
approximately one kilometer square, is illustrated in Fig. 5.2. I t  is bounded by 
Ali Bin Abi Taleb Street in the North, Abu Baker Al Siddiq Street in the East, 
Zayed bin Sultan Street in the South and AI Ain Street in the West. There are 
six roundabouts, one traffic signal intersection and two T - junctions in the 
downtown s tudy area as shown in Fig. 5 .2. Note that many of the 
roundabouts in the downtown have been replaced recently by traffic signals 
and such changes on air quality have not been considered in this study. 
1 04 
Impact a/ Traffic on Ambient A ir Quality in Al  A in elly - UAE 
Fig. 5.2: The study area in Al Ain downtown 
5 .2  Traffic data 
The traffic count data (i .e .  vehicle flow per hr) are important for this study as 
they are required to estimate the emission rates produced at the intersections. 
Peak hourly traffic count data were collected using automatic counters as well 
as manual counts at the intersections in the downtown of Al Ain as shown in 
Fig.  5 .3 .  These data were collected for a period of five days in December, 2006, 
seven days in April, 2009 and four days in August, 2008. All the intersections 
(roundabouts and T-junctions) were covered in 2006, while only three 
intersections (two roundabouts and one T-junction) at Khalifa Street were 
covered in 2009 and two intersections were covered in 2008. The study 
combines the traffic counts of nine intersections (seven roundabouts and two 
T-junctions) close to AI Ain Street air quality monitoring station and uses the 
data on an hourly basis. 
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Fig. 5.3: The study area with the main downtown intersections 
Statistical analysis was used to summarize and analyze the traffic data. 
Descriptive statistics, one-way ANOV A model and parallel box-plot were 
used to quantify the d ifferences and compare the mean values and the 
d istribution of the traffic data at each intersection in the study area. 
Table 5 . 1  summarizes the descriptive statistics of traffic volume for each 
intersection in Al Ain downtown in December, 2006. The average traffic 
volume for all intersections in the study area was approximately 3803 vehicles 
per hour. I t  can be seen that the (T-signal-108) intersection has the largest 
mean value of 5566, while the (RA-B121) intersection has the lowest mean 
value of 1 720. Also, the maximum traffic volume was 6243 vehicles in the T­
signal-108 and the minimum traffic volume was 1325 vehicles in RA-B121 
intersection. The Skewness and Kurtosis values indicate that the traffic 
volumes for almost al l  intersections are close to normal distribution with a 
l i ttle positive and negative skewed distribution. 
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On th other hand, Fig. 5 .4 shows the box-plot comparison for the traffic 
volum at each intersection in Al Ain downtown. It was found that (T­
Signal-1 1 I  junction) has more traffic volume than the other intersections. 
As in the independent t-test, ANOV A assumes that the data are normally 
di tributed and homogeneity of variances. Tables 5 .2 shows that some of the 
intersections traffic data are normally distributed (p-value>O.OS) and others 
are not However, Table 5 .3 shows that the Levene statistic rejects the null 
hypothesis that the group variances are equal. Therefore, we may choose to 
transform the data or perform a nonparametric test that does not require these 
assumptions. The nonparametric test called "Kruskal-Wallis testll is the best 
alternative when the assumptions of A OVA test are invalid or suspected. 
Table 5 .4 shows the results of Kruskal-Wallis test. The results indicate that 
there is a statistically significant difference among the traffic intersections 
groups. 
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Table 5.1 : De criptive tati tics of the traffic data at specific intersections in 
December, 2006 
Statistic RA- RA- RA- RA- RA- T-SIC- T-SIG- RA-
Analysis 1 20 
� lea n 3841 
5 °", Tnmmed 3838 
t-. lea n 
� ledlan 3790 
Std. Dev . 1 75 '
� 1inimum 36-10 
�Iaxlmum 4 1 10 
Ske\\ ness 0.587 
Kurtosis -1 . 157 
RA. Roundabout 
T-SIG Traffic Signal 
1 05 B121 1 07 
2696 1 720 4709 
2700 1 719 4715 
2752 1 642 4715 
322 278 441 
2247 1 325 4021 
3076 2 1 24 5285 
-0.2 0.2 -0.23 
- 1 .6 - 1 .3 -0.97 
106 1 1 1  108 109 
3975 2943 5566 5272 
4015 2948 5563 5302 
4232 3013 5507 5429 
612 229 424 730 
2781 2571 4946 3833 
4452 3218 6243 6170 
-1 .4 -0.97 0.3 - 1 . 1  
0.9 -0.25 -0.35 -1 .3 
Table 5.2: Tests of normality for traffic volume at each intersection in 
December, 2006 
Tests of Normality 
KolmoQorov-Smirnova 
Intersection Statistic df Sig. 
Traffic counts RA- 1 20 .2 1 1  
RA- 1 0 5  . 1 66 
RA-B 1 2 1  . 1 76 
RA- 1 07 . 1 52 
RA- 1 06 252 
T-Slg-1 1 1  3 1 8  
T-Slg-1 08 1 69 
RA- 1 09 . 1 90 
RA- 1 1 0  238 
• ThiS IS a lower bound of the true significance. 
a .  Lill iefors Significance Correction 
8 .200' 
8 .200' 
8 .200' 
8 .200' 
8 . 1 42 
8 .01 7  
8 200' 
8 .200' 
8 .200' 
Shapiro-Wilk 
Statistic df 
. 9 1 4  8 
.91 4 8 
944 8 
.960 8 
. 800 8 
.841 8 
.972 8 
.933 8 
928 8 
Table 5.3: Test of homogeneity of variance for traffic volume at each 
mtersechon in December, 2006 
Test of H omogeneity of Variance 
Levene 
Statistic df1 df2 Siq. 
Traffic counts Based on Mean 3. 1 65 8 63 004 
Based on Median 1 .883 8 63 .078 
Based o n  Median and 1 .883 8 27.825 . 1 03 
with adjusted df 
Based on trimmed mean 2 . 900 8 63 .008 
1 08 
RA-
110 
3509 
3513 
3532 
1 49 
3217 
3734 
-0.79 
1 .97 
Siq 
381 
384 
654 
808 
028 
077 
9 1 3  
545 
.496 
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Table 5.4: Kru kal Wallis Test for traffic volume at each intersection in 
December, 2006 
� 400 
::> 
o u 
� 350 
'" � 
Test Statisticsa,b 
Traffic counts 
C h i-Square 64. 286 
df 8 
Asym p .  Sig.  .000 
a. Kruskal Wallis Test 
b.  Grouping Variable: I ntersection 
o 
RA.1 20 RA.105 RA·B 1 2 1  RA·107 RA·106 T·S
ig·1 1 1  T·Sig.108 RA·109 RA· 1 1 0  
Intersection 
Fig. 5.4: Box-plot of traffic data for each intersection in A
l Ain downtown in 
December, 2006 
1 09 
Impact of Traf ic on Ambient A ir QualIty in A / Ain Cit)' - UAE 
5 .3  Vehicle growth 
Air pollution from motor vehicles has become an i sue, because of the steady 
incr a e both in the number of ehicles in u e and the distance travelled b 
each vehicle each year.  As a result, the use of vehicles currently produces 
more air pollutants, such as CO, HCs, S02 and NOx, than any other human 
acb it . In the UK, road transport produces 90% of CO, 51 % of NOx, 33% of 
HC and 46% of black smoke (CoIls, 1997). 
In this study, data of registered vehicles in Al Ain during 2002-2009 were 
collected from Abu Dhabi Statistics Center to investigate the growth in 
vehicles . F igure 5 .5 shows that Al Ain vehicles have been growing rapidly 
over the last seven years. There was a particularly rapid growth in the total 
regi tered elLicles between 2008 and 2009, with 4.4 % increase. Overall, the 
increase in vehicles was steady with an average of almost 3 .1 % increase per 
year since 2002. 
'" 
CI.I 
31 
.I:. 
CI.I 
> 
.... 0 
0 z 
300,000 ..,...------------------------.... 
250,000 �----------------___.iiiiiiiiiiii� 
200,000 
150,000 
100,000 
50,000 
a 
2002 2003 200 4 2005 2006 2007 2008 2009 
Fig. 5.5: Vehicle growth in Al Ain during 2002-2009 
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5.4 Vehicle type 
Th v hicle fleet in Al Ain city i divided into seven categories, namely; 
motorcycle, private car, taxi, van, pick-up, bus, truck. However, Abu Dhabi 
P lice Department classifies the vehicle fleet according to licenses as 
motorc cle, l ight and heavy vehicles, light and heavy buses, l ight and heavy 
m chanical vehicles. In term of engine size, the vehicle fleet is classified into 
four or les , si , eight, twelve or more cylinders. On the other hand, cars, 
mall pick-ups and taxis constitute most of the flow in the downtown area of 
Al Ain, while heavy trucks are not allowed to pass into the downtown area 
unless there is a construction activity. Heavy trucks emit a lot of particulates 
in addition to poisonous gases such as NOx, CO, S02 and HCs. 
In this study, data of registered vehicles by fleet and engine size in Al Ain 
during 2004-2009 were collected from Abu Dhabi Statistics Center in order to 
investigate the growth of vehicles by cars fleet in the city. Figure 5.6 shows 
the growth of on-road vehicles by fleet categories in Al Ain. The growth of 
private passenger cars is particularly remarkable. However, Table 5.5 shows 
the total registered vehicles in terms of engine size during 2008-2009. It can be 
seen that vehicles with four cylinders are the most prevailing ones in Al Ain. 
300,000 
250,000 
200,000 +--------11 Light vehicles 
150,000 
100,000 
50,000 
2002 2003 2004 2005 2006 2007 2008 2009 
• Heavy vehicles 
• Light bus 
• Motorcycles 
Heavy bus 
• Heavy M ich. Mach. 
• Light M ich.  Mach. 
Fig. 5.6: Motor vehicles fleet licensed in Al Ain 
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Table 5 5' Total motor vehi I I if d b . .  c es c ass Ie )y engIne size in Al Ain 
Engine Size 2008 2009 
-1 cyl inders 70,029 81 ,212 
6 cylinder 55,452 62,934 
8 cylinders 24,669 31 ,961 
1 2  cylinders 360 436 
Total 150,510 176,543 
5.5 Fuel consumption 
Rapid growth of petroleum consumption in Al Ain can be l inked to the 
growth of on-road transportation vehicles, since all vehicles are fueled almost 
entirely by gasoline and diesel. In order to investigate the growth of fuel 
consumption, data were collected from Al Ain ADNOC Distr ibution 
Compan concerning fuels consumed at all gas stations in the city during 
2007-2009. It was estimated that the amount of fuel consumption in Al Ain 
has increased by 1 5  % from 2007 to 2008 and 13 % increase in 2009 relative to 
2007. However, the reduction in fuel consumption in year 2009 (i .e. 2% 
decrease relative to 2008) is probably due to the economic global crisis. 
ADNOC produces four types of vehicles fuel including unleaded gasoline 
(ULG) of 98 Research Octane Number (RON) named as "Super", ULG of 95 
RO named as "Special", U LG of 91 RON named as l iE-Plus" and diesel fuel. 
The Super Gasoline of 98-octane number is available only in some petrol 
stations in Al Ain and it is not commonly used because of its high cost. Details 
of ADNOC fuel specifications are provided in Appendix-B. 
Gasoline is a by-product of petroleum, contains carbon and hydrogen. It is 
considered as the main fuel for the spark ignition internal combustion engine. 
The octane number of gasoline is essential parameter for determining the fuel 
quality . The d ifference in fuel names and prices is based on the gaso
line's 
octane number . The octane number of any fuel is defined as th
e percentage, 
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b. volume, of iso-octane to heptanes in fuel mixture. It is also a measure of a 
fuel re i tance to detonation (engine knocking) during combustion engines. 
Ga l ine may have a higher or lower octane rating, depending on how its 
anti-knock performance compares to the performance of pure hydrocarbon 
octane (Cenk et al . ,  2005; Wikipedia, 2010) . On the other hand, many people 
think that the higher-octane rating makes better engine performance. 
However, Cenk et al .  (2005) stated that using octane ratings higher than the 
requirement of an engine not only decreases engine performance but also 
increa s exhaust emissions. 
Die el i another vehicle fuel produced by ADNOC Company. It comes from 
the residue of the crude oil after the more volatile fuels, such as gasoline 
and kerosene, are removed during the petroleum refining process ( IP AS, 
2003) . Diesel fuel is mainly used by trucks, buses and heavy equipments. This 
fuel, however, is l ikely to cause harmful effects to human health and the 
enviromnent due to harmful emissions of toxic gases such as sulphur dioxide. 
Because of that, AD OC Company is planning to produce in 2012  a new 
Ultra Low Sulfur D iesel (ULSD) that has sulphur content of 10ppm, named as 
"Green Diesel" .  This fuel will be used by vehicles and industry in Abu Dhabi 
Emirate (AD OC, 2007) . 
In  Al Ain, as in other areas in the Abu Dhabi Emirate, a large majority of the 
automobiles use gasoline and a relatively small fraction uses diesel . Table 5 .6 
shows that gasoline fuel represents 78% of the vehicles fuel consumption 
compared to 22% consumption of diesel fuel during 2007-2009. Moreover, the 
ULG-95 represents 50% of all vehicles fuel consumption in Al Ain. 
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Table 5.6: Compari on b tw l '  
2007-2009 in A l  Ain 
een gaso me and diesel fuels consumption during 
Year 
2007 
2008 
2009 
Total 
Percentage (%) 
Gasoline (gal.) 
ULG-95 ULG 91 
67,222,841 51,043,276 
88,799,006 49,1 1 1 ,462 
106,439,926 43,545,946 
262,461 ,773 143,700,684 
50. 1 %  27.4% 
• Special /  U LG-95 • E - p l u s, U LG-9 1 Diesel 
Diesel (gal.) 
24,064,114 
56,512,815 
37,245,544 
1 17,822,473 
22.5% 
1 20/000,000 1-------------------.... 
100/000,000 -r--------------
c: 
.£! 
III 80/000/000 l!' 
C 0 +:: Q. 60,000,000 E :I III c: 0 u 40/000,000 
Qj :I u.. 
20/000,000 
o 
2007 2008 2009 
Fig. 5.7: Fuel consumption by type in Al Ain during 2007-2009 
Figures 5 .S-5 .10 show the temporal trend of fuel consumption of gasoline an
d 
diesel in AI Ain during 2007-2009. Consumption of the ULG-95 has
 rapidly 
increased by 14% from 2007 to 200S and then increased by 9% in
 2009, while 
the ULG-91 shows almost the same variations during 2007
-2009, with 2% 
reduction from 2007 to 200S and then 6% reduction in 20
09. However, diesel 
fuel consumption has increased by 40% from 2007 t
o 200S. This occurred 
despite the increase in global diesel prices. An expl
anation for this is that the 
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die el fuel wa ra i ed in the northern emirates in that year, but it remained 
table in th Abu Dhabi Emirate. This attracted some companies and factorie 
in the northern emirate to buy die el from the Abu Dhabi Emirate which 
re ulted in an increase in diesel consumption in emirate. After that, diesel fuel 
consumption has d creased by 21 % in 2009 due to the global economic crisis. 
In ummary, it can be seen that ULG-95 is the most fuel used in Al Ain 
compared to ULG-91 and diesel . The increase of gasoline fuel consumption is 
attributed to increa e of vehicles volume in Al Ain city during 2007-2009. 
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Fig. 5.8: Gasoline and diesel consumption in Al Ain in 2007 
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Chapter 6:  Relationship between Air Pollutants and 
Traffic Volume in Al Ain 
6.1 Traffic counts versus time 
Th temporal pattern of traffic are very important in planning in order to 
understand the characteristics of traffic series and further develop effective 
traffic management. Traffic patterns can be defined as those characteristics of 
vehicle groups passing a point or short segment during a specified period or 
traveling over longer sections of highway. Typically, investigation of traffic 
patterns significantly reduces congestions (Varaiya, 2005) . Additionally, 
traffIC time series data are measured in different time scales for different 
purposes such as planning of infrastructure facil ities (Lan et al . ,  2007) . 
In this study, traffic counts were undertaken in the downtown area (AI Ain 
Street) . The residential area was excluded from analysis due to lack of traffic 
counts nearby Al  Ain School Station. Traffic counts in the downtown were 
conducted during April, 2009 at three intersections in Khalifa Street. Also, 
traffic counts at Khalifa Street (from RA106 to RA107) were carried out in 
August, 2008 to investigate the traffic pattern. In addition, traffic counts data 
at 9 intersections within and on the boundary of the downtown area during 
December 2006 were obtained from Al Ain Municipality .  The latter traffic 
counts were part of Al-Ain Central Business District (CBD) Project carried out 
by the Roadway Transportation and Traffic Safety Research Center (RTTSRC) 
for Al  Ain M unicipality .  However, the traffic counts are available only for one 
day for each intersection, in December 2006 and five days for Roundabout 
number 1 06 (close to Al Ain Street station), in April 2009 and they cover only 
the peak hours. Traffic data at Khalifa Street intersections were predicted for 
2008 based on the traffic counts of 2006 and assuming an annual increase in 
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traffic volume of 4 % .  This percentage wa estimated based on previou traffic 
tudie conducted for Al Ain (AI Ain CBD project; AI Ain School Zone; and 
Traffic Impact Study for adood Jeham), (RTTSRC, 2006; 2007). 
Figure 6.1 hows the total hourly traffic at Khalifa Street (from RAI06 to 
RAI07) in each direction for some of the weekdays (Wednesday and 
Thur da ) and weekend (Friday and Saturday) in August 2008. The figure 
how two main peaks. The first peak occurred at 9:00, reaching maximum 
h'affic counts at 1 2:00, followed by a major decrease until 16:00 in the 
afternoon, then quickl increased until 1 9:00 and the second peak value 
occurred at 21 :00. After that, traffic counts decreased sharply until it reached a 
minimum value for the whole day at 5:00. The figure also shows that there are 
orne variations in traffic volume between the weekdays and weekends. This 
appears obviously on Friday, where most of the government offices and 
private ectors are off. Statistical analysis using Kruskal Wallis Test showed 
that there is statistically a difference between traffic counts during the 
weekdays and weekends with a p-vale less than 0.05. Note that the traffic 
counts in this figure are much less than those in figure 6.2. This is because the 
vehicles turning left, through and right are not considered here. 
Figure 6 .2  shows the average traffic volume at three intersections at Khalifa 
Street during 2007-2009. Despite the increase in the predicted average traffic 
volume in 2008, the actual average traffic volume of 2009 has decreased. This 
is probably due to construction activities related to intersections at Khalifa 
Street during 2009, where the street was narrowed into a one lane in both 
directions. 
Figure 6.3 shows how traffic flow varies over the day at various intersections 
in the downtown area during December, 2006. It can be seen that all 
intersections have almost the same traffic pattern, with two peak hours; 10-
l l am and 8-9pm. However, the T-Signal-108 intersection has the highest 
traffic volume compared to other intersections. 
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Figure 6.4 shows the hourly traffic volume at Khalifa Street RA-I06 
inter ection during five days in April, 2009. The traffic volume has almost the 
arne pattern as that in 2007. The highest traffic volume has been recorded on 
Sunda . However, there is a slight difference in the traffic volume throughout 
the weekdays (Sunday-Thursday) .  
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Fig. 6.1:  Total hourly traffic at Khalifa Street (from RAI06 to RAI07) for 
weekdays and weekends in August, 2008 
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6.2 Noise versus time 
Traffic noise is consid red as one of the most important sources of noise 
pollution. Th daily equivalent noise levels can reach up to 75-80 dBA on 
den ely traveled road (Williams and Creae, 1995; Yoshida et al . ,  1997) . 
According to Stoilova and Stoilov (1998), there are many sources of noise that 
come from a vehicle, including the engine, the transmission and the tire-road 
urface contact. However, an increase in traffic flow does not necessarily 
mean an increase in noise level . This is because the speed is reduced with 
congestion causing noise due to tire-road surface contact to reduce. Noise 
from moving vehicles in urban areas may cause annoyance, deterioration of 
leep quality, interference to communication and stress-related ischemic heart 
disea e ( lorrell et al . ,  1 997; Stoilova and Stoilov, 1 998) . 
In the UAE, Law No. 1 2  of 2006, concerning the protection of air from 
pollution, has set standards for the ambient noise levels specific to different 
areas as shown in Table 6 .1 . This standard was used in this study to 
investigate the noise levels in the downtown area as well as the residential 
area of Al Ain. Monitoring locations at the School and Street Station are 
classified as residential area and downtown area, respectively . Therefore, they 
are subject to the noise limits prescribed for "residential areas with light 
traffic" and "commercial areas and downtown" as defined in Table 6 .1 . 
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Table 6.1: Allowable l imits of noise level in different areas (FEA, 2006) 
Allowable l imits for noise level 
Area (dBA)* 
Day Night 
(7 a.m. 8 p.m.) (8 p.m. - 7 a.m.) 
Residential areas with light traffic 40 50 30 - 40 
Residential areas in the downtown 45 55 35 - 45 
Re idential areas which include 
orne work hops and commercial 
bu ine s or re idential areas near the 50 - 60 
40 - 50 
highways 
Commercial areas and downtown 55 - 65 45 - 55 
Industrial areas (heavy industry) 60 - 70 50 - 60 
*dBA mearlS decibels adjusted. dBA is used for determining the sound exposure to 
humans. 
In this tudy, hourly equivalent noise measurements were collected from Al­
Ain downtown area (Al Ain Street Station) and the residential area (Al Ain 
School Station) during 2007-2009. Table 6.2 shows the descriptive statistics of 
noise measurements at the two stations during 2007-2009. It can be seen that 
the noise level at the downtown was much higher than the noise level at the 
residential area. The average noise level at the downtown was 63.5 dBA, 
while in  the residential area the average noise level was 49.7 dBA. The 
variations in  noise levels between the two locations are probably due to 
variations in  traffic volumes as well as variations in other population-related 
activities. 
The noise levels ranged between 50.7 and 74 .7dBA in the downtown area, 
whereas the noise level in the residential area ranges between 43.7 and 67.4
 
dBA. On the other hand, the noise measurements at the two st
ations 
approximately exhibit a normal distribution. This is clear from th
e skewness 
and kurtosis values of the two locations. Figure 6.5 shows 
that there are 
differences in the noise distributions between the two loc
ations. 
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Figure 6.6 hows the daily average noise levels at the residential area (AI Ain 
chool Station) during 2007-2009. The noise level fluctuated around 50dBA 
during the months of 2007, 2008 and 2009. Also, the hourly average noise 
level ha the same fluctuation around 50dBA for a 24-hour period during 
2007, 2008 and 2009 as shown in Fig. 6.7. According to the noise standard 
limit for "residential areas with l ight traffic", these values are considered as 
the upper noise l imit permitted in the daytime and exceed the upper noise 
limit for the nighttime. The high level of noise in Al Ain School Station is 
attributed to the movement of wind, since the traffic volume in this area is 
very low. 
F igure 6. shows the daily average noise levels at the downtown area (Al Ain 
Street Station) during 2007-2009. It was found that the monthly average noise 
level fluctuated around 61dBA during 2008 and 2009, and fluctuated around 
67dBA during 2007. Also, the hourly average of the noise level has the same 
fluctuation (i .e . ,  around 61dBA during 2008 and 2009, and 67dBA during 
2007) as shown in Fig .  6 .9 .  The noise level in 2007 was higher than that in 2008 
and 2009. I t  seems that there is an error in noise reading in 2007 as it remained 
almost around 67 dBA, which is very high level of noise. Also, it can be seen 
that the noise levels decreased at late night to reach an average of 55 dBA, 
whereas at day-time the noise level increased to reach 65 dBA in 2008 and 
2009. This behavior is probably due to variation in traffic volume between 
daytime and nighttime. On the other hand, the daytime noise levels at the 
downtown were in  compliance with the noise standard limits with an average 
of 63 dBA.  The night time noise levels, however exceeded the 55 dBA noise 
standard for "commercial areas and downtown". 
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Table 6.2: Descriptive statistics of noise at the two monitoring stations in Al Ain 
Statistic Analysis 
Mean 
5°", TrImmed 
t-v lea n 
MedIan 
Std. Dev. 
t-v Iinimu m 
� laxm\ U m  
Skewness 
Ku rtosis 
80-
75-
70 
� 65-m � 
Qi � 60 
...J 
(\) 
t/) 
'0 
Z 55-
50-
45 
40-
2007 
49.6 
49.6 
49.5 
1 .6 
45.6 
58.6 
0.65 
0.75 
I I 
AJ Ain School 
2008 
49.8 
49.7 
49.7 
1 .7 
45.1 
58.1 
0.55 
0.46 
* 
* * 
* 
I 
School 
2009 
49.5 
49.5 
49.4 
2.3 
43.7 
67.4 
0.53 
2.0 
I I 
Al Ain Street 
Overall  2007 2008 2009 Overall 
49.7 67.4 62.2 61 .8 63.5 
49.7 67.4 62.3 62 63.6 
49.6 67.6 62.7 61 .6 63.7 
1 .9 1 .5 2.7 3.0 3.5 
43.7 62.5 50.7 52 50.7 
67.4 74.7 70.7 73.5 74.7 
0.52 -0.33 -0.75 -0.4 -0.36 
1 .8 1 .48 1 .42 -0.45 -0.13 
T 
St�eet 
Station 
Fig. 6.5: Noise level at the two stations in Al Ain during 2007-2009
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Fig. 6.9: Hourly average noise level at AI Ain Street Station during 2007-2009 
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6.3 Pollutants versus traffic count 
The investigation of the relationship between traffic volume and air pollutants 
1 el very important, since road vehicles are considered as major 
contributors to urban air pollution. This relationship is most severe in city 
centre and particularly at intersections, where large traffic volumes and 
congestion commonly result in a significant degradation of air quality in these 
area (Oduyemi and David on, 1998) . 
In generat the air pollutant levels depend on many factors mainly; traffic 
effilS 10115, background concentration, meteorological and geographical 
conditions, etc. Because of these factors, the relationship between traffic 
volume and the level of air pollutants is very complex and strongly nonlinear 
(El plin, 1 994) .  
In this section, the relationship between the actual traffic volume and 
corresponding air pollutants levels was investigated using time series 
analysis. Since the actual traffic data are only available for five days in Aprit 
2009, the whole analyses will be based only on these days. Hourly averages 
were calculated for each pollutant at the corresponding traffic hours during 
this week. Also, the traffic volumes for the five days were averaged, since the 
traffic patterns are almost similar for the five days. In addition, the 
Roundabout o .  1 06 at Khalifa Street will be the focus of these analyses, as it 
is the closest to Al Ain Street Station. Pollutant levels were examined two 
weeks before and after the week during which the actual traffic data were 
collected to make sure that they have the same patterns. 
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Carbon Monoxide (CO): 
Figure 6 . 10  shows the hourly average traffic volume and carbon monoxide 
concentrations level at Al Ain Street Station during the 7-12 April, 2009. It was 
noticed that the CO level starts accumulating during the day, beginning from 
5-6 am, reaching the first peak value at 7:00am. This is probably due to the 
cold tart of vehicle engines. Then, the CO level remained almost steady until 
1 2:00 oon. Afterward, it decreased to a low value at 15:00, when almost all 
the markets close and traffic volume is very low. It then starts accumulating 
as markets start opening, until it reached a second peak value at 19:00. After 
that, it decrea ed sharply till 21 :00 and then increased significantly to a late 
night-time peak at 23:00 and decreased slowly until it reached the minimum 
of the whole day at 5 :00.  
F igure 6 .10 also shows that there is a lag between CO level and traffic volume. 
Tlus indicates that the CO level was not only attributed to emissions from 
vehicles but there were other sources of CO including downtown restaurants, 
which emit CO from burning coal during cooking. To confirm this, the CO 
level was plotted versus traffic volume during the first week of Ramadan (25 
to 30 August, 2009). Fig.  6 . 1 1  shows that the CO level was higher in the 
afternoon, reaching the maximum value at 16:00, and also late night at 
2:00am, though the traffic flow was the lowest at these times. This may 
indicate that other activities including restaurants close to the monitoring 
station at Khalifa Street contribute to a high level of CO concentration. 
Nitrogen dioxide (NOz): 
Figure 6 . 12  shows the hourly average traffic volume and N02 level at Al Ain 
Street Station during 7- 1 2  April, 2009. The N02 concentration exhibits almost 
a similar daily average pattern as CO, with three-peak values. The first peak 
appears at 6:30, and then remained almost unchanged until 14:00; afterwar
d it 
decreased to a low value at 15 :00, and then quickly increased until it
 reached 
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the econd peak value at 18:00. After that, it decreased till 20:30 and then 
increa ed to a late night-time peak at 23:00. Following that it decreased lowly 
till it reached its minimum value at 4:00. 
There was also a lag between 02 level and traffic volume as shown in Fig. 
6 .1 2. It eems that the N02 is not only attributed to traffic but there were other 
ource emitting 02 such as restaurants. Again, to confirm this, the 02 
level was plotted versus traffic volume during the first week of Ramadan 
(from 25-30 August, 2009) . Fig. 6 .13 shows that the N02 level was higher at 
late night, reaching the maximum value at 24:00, and also in the afternoon at 
12:00, though the traffic flow was the lowest at these times. This may indicate 
that other activities like restaurants close to the monitoring station at Khalifa 
street contribute to a high level of 02 concentration. 
It should be noted that the analysis presented previously on the correlation 
between air pollutants demonstrated a strong positive relationship between 
02 and CO levels . The statistical analysis using Pearson correlation 
coefficient showed that the 02 and CO were highly correlated (r = 0.74) with 
a significant p-value at the 0.01 level . 
Sulphur dioxide (502): 
F igure 6 .14 shows the hourly average traffic volume and S02 levels at Al Ain 
Street Station during 7- 1 2  April, 2009. The S02 variation pattern is different 
from those of CO and N02. It began to increase at 7:00 in the morning, 
reaching a maximum value at 13:00, and then slowly decreased with l ittle 
fluctuations until it reaches a minimum value at 2:00. It seems that the S02 
doesn't change much with traffic, which implies that the influence of traffic is 
minimal .  Therefore, the relationship between S02 level and traffic volume is 
weak, probably due to the low sulphur in the used unleaded gasol ine. Only 
vehicles, which use d iesel as a fuel such as heavy and light buses and pickups
, 
could contribute to the emissions of S02. Note that the sulphur cont
ent in 
1 30 
Impact of Traf ic on Ambiel1l A ir Quality m Al Am City - UA E 
die el fuel in Abu Dhabi Emirate is now 500 ppm. Another significant source 
of 02 at Khalifa Street could be burning coal at restaurants that may be 
inten ive during lunch and evening meal time. 
Particulate matter (PMIO): 
Figure 6 . 15  shows the hourly average of traffic volume and PMlO levels at AI 
Ain Street tation during 7-1 2  April, 2009. From 7:00, PMI0 began to increase 
and reached the first peak at 1 1 :00 followed with a gradual decrease until 
17:00, th n remained steady for two hours before it increased sharply at 19:00 
and reached its maximum peak value at 24 :00. After that, it slowly decreased 
during late night until it reached its low value at 6:00. From this pattern, it can 
be noted that there is a lag (shift to the right) in the increase of PMlO compared 
to the increase in traffic volume. This shift could be due to a lag between the 
time particulates are agitated and released from the street surface and the 
time of detection at the monitoring station. That is obvious at 7:00 and 19:00, 
when the traffic flow starts to increase, PMIO starts to accumulate in the 
atmosphere, then it remains in the air for a while, followed by gradual 
decrease at late times due to a low traffic volume and then it is agitated again 
by traffic to start accumulating in the atmosphere. This is an indication that 
traffic has an influence on the PMIO concentration in the ambient air, although 
not all PMI0 could have resulted from car emissions. 
Hydrocarbons (Res): 
Figure 6 . 16  shows the hourly average traffic volume and BTX level at AI Ain 
Street Station during 7-1 2, 2009. The BTX levels start accumulating during the 
day, beginning from 5-6 am, reaching the first peak value at 7:00am. This is 
probably due to cold start of vehicle engines. Then, the BTX level remained 
almost steady until 1 4:00. Afterward, they decreased to a low value in the 
afternoon at 1 6:00 and then sharply increased until they reached a second 
peak value at 20:00. BTX then slowly decreased during the late times until 
they reached the lowest value at 5 :00. All BTX exhibited the same pattern 
of 
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concentration variation during the day, although the levels of each individual 
compound differ from the other . 
The BTX concentrations found at Al Ain Street Station are generally related to 
th autom bile exhaust emissions in Al Ain downtown area, consistent with 
the findings of others (True and Oanh, 2007; Kerbachi et al . ,  2006; Lee et al., 
2002; Grosjean et al., 1 998; Ziel inska et al . ,  1 996). Figure 6 .17 shows the BTX 
level in Al Ain downtown during the first week of Ramadan (25-30 August, 
2009).  It was obvious that the BTX levels in Ramadan were lower, by about 
50%, compared with their levels in other days (Fig. 4 .16) .  This is probably due 
to traffic volume reduction during Ramadan. 
It can be noted that toluene concentrations were higher than other BTX 
pollutants (Fig. 6 . 16  and 6 . 17), followed by benzene, then m- and p-xylene and 
xylene. Benzene accounts for an average of 18% of the total BTX while toluene 
contribution is 10% and all the xylene compounds account for approximately 
·:12 % . It is interesting to notice that ethylbenzene (E) was not detected at the 
monitoring station during this week. This is probably due to inability or 
calibration of sensor during that week. The BTX profiles show similarity in 
compounds concentrations variation at Al Ain Street Station. Such profile is 
imilar to that of road traffic variation, suggesting that these compounds 
originate from the same source (i .e .  traffic vehicles) . 
Toluene to benzene ratio (T I B) is frequently reported by researches in 
investigating hydrocarbons sources. Lee et al .  (2002) mentioned that the 
Hong Kong and other Asian cities have relatively large (T/ B) ratio (i .e. T/ B ;::J 
5-10). Gee and Sollars (1998) recommended that there are large additional 
sources of toluene in these cities or that there are major differences in the fuels 
or vehicles used. In Al Ain downtown, the (T/ B) ratio is about 2.5 during 
2007-2009. This ratio is similar to that reported by Brocco et al. (1 997) for 
vehicle emission in the urban area of Rome. In addition, Wang et al . (2002) 
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mentioned that pre iou studies representing motor vehicle emissions found 
B/ E ratio typically < 5 and TI E ratios < 6. In Al Ain downtown, the ratios of 
B/ E and TI E are 1 .2 and 2.6, respectively during 2007-2009. These results 
confirm the significant contribution of traffic-related emission to BTX 
pollution in I Ain downtown area. 
A hown in Table 6.3, benzene, toluene, m- and p-xylene and xylene 
correlations were evaluated using Pearson correlation coefficient. It can be 
een that there is a strong positive correlations between the BTX (p<O.Ol ), 
with Pearson correlation coefficient (r) ranged from 0.85 to 0.975 at a 
ignificant level of 0.01 . The strong correlations among the aromatic 
hydrocarbons in Al Ain downtown indicate that they came mainly from a 
single ource, most possibly traffic-related emissions. However, other non­
traffic sources of BTX such as cooking at restaurants using kerosene may have 
contributed to the levels of these compounds. 
In summary, it can be concluded that the BTX pattern and correlation analysis 
indicate that their level in the ambient air in AI Ain downtown is mainly 
influenced by road traffic. 
Table 6.3: Summary of BTX correlations 
Correlations 
Benzene Toluene Xylene mpXylene 
Benzene Pearson Correlation 1 .963*' . 9 1 8*' .850** 
Sig. (2-tailed) 000 .000 . 000 
N 24 24 24 24 
Toluene Pearson C orrelation .963* 1 .975* . 949*' 
Sig. (2-tai led) .000 .000 . 000 
N 24 24 24 24 
Xylene Pearson Correlation . 9 1 8*' .975*' 1 .969*' 
S ig .  (2-tai led) .000 .000 .000 
N 24 24 24 24 
m pXylen e  Pearson Correlation .850*' .949' . 969' 1 
Sig.  (2-tai led) .000 .000 .000 
N 24 24 24 24 
**. Correlation is  s ignificant at the 0 . 0 1  level (2-talled). 
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Fig. 6.10: Hourly average traffic volume and CO level in Al Ain downtown 
during 7-12  April, 2009 
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Fig. 6.11 : H ourly average traffic volume and CO level in Al Ain downtown
 
during the first week of Ramadan, 25-30 August, 2009 
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Fig. 6.12: H ourly average traffic volume and N02 level in Al Ain downtown 
during 7-1 2  April, 2009 
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Fig. 6.13: H ourly average traffic volume and N02 level in AI Ain downtown 
during the first week of Ramadan, 25-30 August, 2009 
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Fig. 6.14: Hourly average traffic volume and S02 level in Al Ain downtown 
during 7-1 2  April, 2009 
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Fig. 6.15: Hourly average traffic volume and PMlO level in Al Ain downto
wn 
during 7-1 2  April, 2009 
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Fig. 6.16: Hourly average traffic volume and BTX level in Al Ain downtown 
during 7-12 Aprit 2009 
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6.4 Prediction of pollutant concentration due to traffic 
The previous ection revealed that the air pollutants measured at AI Ain 
Stre t Station in the downtown area are not only related to traffic volume, but 
there are al 0 orne other contributors. To examine the influence of traffic 
volume on the level of air pollutants, the predicted air pollutants 
concentrations from traffic flow were evaluated and compared with the actual 
air pollutants concentrations measured at Al Ain Street Station. This 
inve tigation was applied for a model domain of 1 km2 with Al Ain Street 
Station nearly centered within the model domain as shown in Fig. 6 .19 .  Three 
model were used to estimate the predicted pollutant concentration as 
highlighted below. 
Fig. 6.18: The model domain used to determine pollutant conce
ntration from 
vehicle traffic in the downtown area 
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a) The Synchro model: 
The ynchro software model was used in this study to estimate the traveled 
distance as well as the traffic emissions based on the loaded traffic at the 
inter ection and street links. Figures 6 .19 and 6.20 show snapshots of the 
study area and the traffic signal intersection between Al Ain Street and Zayed 
bin Sultan Street in the Synchro software. The main inputs of the Synchro 
model are: 
• Road Network Geometry: including the road network links and 
nodes, number of lanes (3), lane width (3.7m), average operating speed 
(60km/ hr), travel directions, presence of medians, and intersections 
geometry . 
• Traffic Volumes: including the hourly traffic volume of four 
directions (i .e . Right, Through, Left, U-turn) 
• Traffic control system:  whether i t  is  a pre-timed or actuated signal 
system. For roundabouts, the approaches are assigned a "yield" 
control . 
SimTraffic is a simulator that randomly generates the traffic streams on the 
road network that is analytically modeled in Synchro. Therefore, to find out 
the effectiveness of the traffic analytical output obtained from Synchro, 
multiple runs of the SimTraffic is usually conducted . For each run, SimTraffic 
generates random number of traffic arrivals that gives a different result for 
the vehicle emissions and traffic performances. The first several runs are also 
called "warming up period" where the simulated network usually tries to 
gain a stable scenario .  Therefore, 5 runs of the SimTraffic simulator is adopted 
in this study (Table 6 .4), as it was also observed that after at least 5 runs, the 
average results almost coincide with 10  runs or more. 
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Table 6.4: Output of the Synchro model for one hour (7-8 am) in 2007 
Total Network Performance by Run 
Run number 1 2 3 4 5 Average 
Total delay (hr) 44 51 .2  44 38.6 39.9 43.5 
Delay j vehicle (s) 92.2 103.8 89.6 81 .5  85.5 90.9 
Total stops 3472 3889 3890 3279 3456 3594 
Travel d istant (km) 221 3.9 2197.8 2323.2 2220.1 2176.6 2226.3 
Travel time (hr) 87.7 94.8 89.8 82.5 82.8 87.5 
Average speed (krojhr) 27 24 27 28 28 27 
Fuel used (1) 635 610.3 651.6 605.7 621 . 1  624.8 
Fuel efficiency (kmj 1) 3 .5  3.6 3.6 3.7 3 .5 3 .6 
HC emissions (g) 492 492 530 490 496 500 
CO emissions (g) 24321 23902 26521 24418 24824 24797 
NOx emissions (g) 1 640 1 61 2  1 769 1652 1663 1667 
Vehicles entered 1 8 1 1  1 929 1891 1 795 1 781 1834 
Vehicles exited 1 626 1 620 1642 1611  1 581 161 5  
Hourly exit rate 9756 9720 9852 9666 9486 9690 
Denied entry before 7 1 2  1 1  7 25 1 1  
Denied entry after 63 62 1 5  23 34 38 
Fig. 6.19: A snapshot of the study area in the Synchro software 
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Fig. 6.20: A snapshot of the traffic signal intersection between AI Ain Street 
and Zayed bin Sultan Street. 
b)  The IVE model: 
The International Vehicle Emissions (IVE) model was used in this study to 
calculate traffic related emissions in AI Ain downtown. The lVE model is a 
java-based software model as shown in F ig .  6 .21 . The lVE model depends on a 
number of input variables as summarized below: 
• Fleet composition: including various vehicle types such as passenger 
vehicles, buses, trucks, motorcycles; technology distribution (i .e. 
emission and engine control technology) and other parameters l ike 
model year, odometer reading, air conditioning use, inspection and 
maintenance methods and fuel quality. 
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• 
• 
Environmental variables: including altitude, ambient temperature, 
humidity and road gradient. 
Vehicle activity: including driving patterns (i .e. average speed and 
acceleration profile), distance travelled and start patterns (i.e. number 
of engine startups including the hot and cold starts and the soak 
pattern (i .e .  how long the vehicle has soaked before starting) . 
Th fleet composition was obtained from the records of the Statistics Center -
bu Dhabi of all  registered road vehicles in Al Ain city. The enviromnental 
variables were obtained from the EAD monitoring stations in AI Ain. The 
Synchro model was used to estimate the traveled distance of the study region 
and the driving pattern of Los Angeles data were taken as an approximate 
representation of the driving patterns in AI Ain. 
On the other hand, because the Synchro model estimates only emissions of 
some pollutants, the IVE model was used to predict a whole range of 
emi sion of pollutants (i .e . ,  CO, HC, Ox, toxics and global warrrung 
pollutants) for a complete assessment of ambient air quality .  Table 6.5 shows 
the total hourly vehicle emissions (g) estimated by the IVE model for the 1-
km2 model domain in 2007. It  can be seen that the emission output values 
from the IVE are much higher (sometimes more than an order of magnitude) 
than those estimated using the Synchro model for the hour 7-8am. Estimates 
of the IVE model should be more reliable as the model accounts for more 
variables such as vehicle fleet, fuel and driving characteristics. 
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Fig. 6.21 : A snapshot of the lYE software 
Table 6.5: Total hourly vehicle emissions (g) estimated by the lYE model for 
the l -km2 model domain in 2007 
Time CO VOC VOC NOx S02 PMlO Benzene (evap.) 
7.00 - 8 .00 am 92,963 1 ,891 621 1 3,098 1 43 389 82 
8 .00 - 9.00 am 1 40,712 2,398 908 1 7,027 180 481 105 
9.00 - 1 0.00 am 1 60,282 2,663 985 19,124 203 537 1 1 6  
10 .00 - 1 1 .00 am 185,573 2,734 1 149 19,706 202 533 1 21 
5 .00 - 6.00 pm 1 72,233 2,535 1 063 1 8,169 186 493 1 1 2  
6.00 - 7.00 p m  1 87,847 2,783 1 1 76 20,058 205 542 1 23 
7.00 - 8.00 pm 1 50,870 2,539 951 1 8,134 192 51 1 1 1 1  
8.00 - 9.00 pm 1 49,180 2,5 17  946 1 8,081 191 507 1 1 0  
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c) The Box Model: 
The simple box model was used in this study to estimate the pollutants 
concentrations based on the concept of conservation of mass. The air mass of 
the ite was treated as well-mixed in a rectangular box, with dimensions: 
length (L), width (W) and height (H) as shown in Fig. 6 .23 .  The height of the 
box wa taken as the mixing depth. Also, the emissions per unit area are 
given by (qs) . Pollutants were assumed to be uniformly mixed in the box with 
concentration (C), while on the upwind of the box the concentration was Cin. 
n assumption is made that no pollution was lost from the box along the 
sides parallel to the wind or from the top. The pollutants were also treated as 
con ervative (i .e .  no reaction, decay, or fall out of the air stream) and the 
incoming wind blows mto the box were assumed to be clean and thus the 
initial concentration in the box is zero (Masters, 1997) . The concentration (C) 
found by the box model could be expressed as: 
qs L -u(t) C (t) = - ( l - e-L- ) uH 
where, C is the pollutant concentration in the box (mg/m3), which equals to 
the concentration leaving the box for a well-mixed system, qs is the emission 
rate per u nit area (mg/ m2. sec), H is the mixing height, L is the length of the 
box, W is the width of the box, u is the average wind speed against one edge 
of the box (m/ s), and t is the time duration (sec) .  
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Fig. 6.22: A simple rectangular box model for the air mass over a study region 
(Masters, 1997) 
The emissions results from the IVE model were used in the Box model and 
the average wind speed was obtained from Al Ain Street Station, For the 
mixing height, Lena and Desiato (1998) suggested to adopt a minimum 
mi ing height of 50 m in order to avoid too small mixing heights in very low 
wind or calm situations, However, the mixing height is a function of several 
parameters such as meteorology, surface turbulent fluxes and physiographic 
characteristics (Baklanov et aL, 2006) , Due to the lack of temperature profile 
data for Al Ain city, it is not possible to get an estimate of the average mixing 
height value. Therefore, it is decided to calculate a representative average 
mixing height for the period during which traffic data were collected using 
the BTX data, assuming the only source of BTX is traffic. The predicted BTX 
concentration for different mixing height values were calculated starting from 
a mixing height value of SOm as the minimum value. Based on the sum of 
squares residuals, the best fit mixing height value for BTX was found to be 
70m, This mixing height was then used to predict CO, Ox and PMlo levels 
due to traffic emissions, Predicted levels of these pollutants were then 
compared with those measured at the station. 
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Figure 6.23 how the predicted and measured values for BTX based on the 
b t fit mi ing height value. Note that the estimated VOC from the lVE model 
wa tr ated as the urn of the BTX compounds, since these are the major VOC 
c mponent emitted from h-affic while other VOCs are assumed to be 
negligible. 
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Fig. 6.23: Predicted and actual BTX concentration in April, 2007 
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Figures 6 .24-6.26 show a comparIson of predicted and actual measured 
pollutants concentrations by hour during April, 2007. It should be noted that 
the actual traffic counts were conducted at the beginning of January, 2007, 
whereas the actual  pollutants monitoring station was commissioned in April, 
2007. Comparison between predicted and actual pollutant concentration was
 
based on the assumption that the traffic volume in January, 2007 was 
the 
same as that in  April, 2007. The 502 was not measured during this per
iod and 
hence it was not included in this analysis. 
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The r ult indicated that the actual concentrations for CO, Ox and PM10 
wer larger than the predicted ones. Larger actual concentration than 
predicted for CO, NOx and PM10 could be attributed to presence of other 
ource be ide traffic that contribute to their levels in the atmosphere or due 
to model inaccuracy. The contribution of traffic to pollutant level was 
calculated based on the ratio of predicted to actual pollutant level for each 
hour .  As uch, traffic in the downtown of Al Ain contributes to the range of 
1 5 %  to 35% of CO, with an average of 25% .  The traffic also contributes to the 
range of 36% to 69% of NOx, with an average of 57% and it contributes only to 
the range of 0 .--1% to 0 .8% of PM1O, with an average of 0 .5% levels. The low 
contribution of traffic to pollutant level (as is the case for CO and PMlO) 
indicates that other sources play a major role in determining the ambient 
concentration of these pollutants in the downtown of Al Ain. 
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Fig. 6.24: Predicted and actual CO concentration in April, 2007 
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Fig. 6.25: Predicted and actual NOx concentration in April, 2007 
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Fig. 6.26: Predicted and actual PM10 concentration in April, 2007 
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Chapter 7: Conclusion and Recommendations 
7.1 Conclusion 
In thi tudy, the impact of vehicle traffic on ambient air quality in Al Ain city 
wa investigated. Data of several air pollutants including PM10, S02, 02, CO, 
03 and HCs were collected during 2007-2009, using two air monitoring 
tations in the downtown and a residential area in Al Ain. The levels of 
pollutants were compared with Abu Dhabi Air Quality Standards. In 
addition, the relationships among these pollutants and between pollutant 
level and meteorological conditions were investigated. Traffic count data for 
the downtown area were collected to investigate traffic pattern. Data on traffic 
count were used to predict the concentration of air pollutants emitted from 
traffic. Predicted pollutants levels were compared with the actual levels 
mea ured at the monitoring station in the downtown. The major findings of 
thIS study are summarized below: 
• The average concentrations of PMlO, S02 and N02 in the downtown 
area were higher than that in the residential area . As for CO, the mean 
values in the downtown area have increased by 2.0% from 2007 to 2008 
and then decreased by 27.6% from 2008 to 2009. This decrease in CO 
level is attributed to the construction activities at Khalifa Street. 
• The concentration levels of most of the air pollutants were below Abu 
Dhabi Air Quality Standard at both monitoring stations, except the 
PMIO. The total number of PMlO exceedances, with reference to Abu 
Dhabi Air Quality Standard, was recorded as 472 times at both 
stations, which represent 99.5% of the total number of exceedances for 
all pollutants. 
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• Higher monthl concentrations of pollutants were detected during the 
winter months (January to April) and lower levels were noticed during 
the summer months (May-September) . This is attributed to removal 
reactions of pollutants, inversion conditions and less traffic volume in 
the summer. However, PMlO showed an opposite pattern than other 
pollutants, with lowest concentration level in the winter season and 
highest during the summer period. 
• Data analysi showed that there is a statistically significant difference 
in pollutants levels at Al Ain School Station (residential area) and Al 
in Street Station (downtown area), with higher pollutant levels at the 
latter. The higher pollutants levels at Al Ain Street Station are 
attributed to higher vehicle traffic volume and other population­
related activities . .  
• Assessment of air quality during 2007-2009, based on the pollutant 
levels at the two stations in Al Ain, indicates that 52% of the calculated 
average AQI values are categorized as "moderate" . The remains are 
categorized as follows: 24% "good", 1 5 %  "unhealthy for sensitive 
groupsl l , 4 %  l Iunhealthy", 1 % l ivery unhealthyll and 4% "hazardous" . 
The Al  Ain residential area had better air quality than Al Ain 
downtown area. I t  was further noticed that air was more polluted in 
pre-sununer and summer months than in winter.  Also, the critical 
pollutant affecting the AQI at the two monitoring locations in Al Ain 
was PMlO. 
• There is a relatively strong inverse relationship between temperature 
and the level of ozone or S02. However, the other pollutants have 
moderate relationship with temperature. Also, wind speed and wind 
direction have moderate relationship with the level of all pollutants. 
• The increase in  vehicles in Al Ain city was steady with an average of 
almost 3 . 1  % per year over the last seven years. However, the growth of 
private passenger cars is particularly remarkable and vehicles with 
four  cylinders are the most prevailing ones in Al Ain. 
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• Gasol ine fuel represent 78 % of the vehicles fuel consumption 
compared to 22% consumption of die el fuel during 2007-2009. 
Moreover, the ULG-95 represents 50% of all vehicles fuel consumption 
in Al Ain.  Vehicles fuel consumption has increased by 13% during 
2007-2009. This increase is attributed to an increase in the number of 
vehicle in Al Ain during 2007-2009. 
• The traffic volume at Khalifa Street has the same behavior for the 
whole week, normally high at peak hours in the morning at 9:00-1 2:00 
and evening at 20:00-21 :00, and low at around noon and late night off­
peak hours. On the other hand, there is some variation in traffic 
volume between weekdays and weekends. This is more obvious on 
Friday when most of the offices (government and private) are closed. 
• Despite the increase in the predicted average traffic volume in 2008, the 
actual  average traffic volume in 2009 has decreased. This is probably 
due to construction activities related to intersections at Khalifa Street 
during 2009, where the street was narrowed into a one-lane road in 
both directions. 
• The noise level at the downtown area was much higher than the noise 
level at the residential area. The average noise level at the downtown 
area was 63.5  dBA, while at the residential area the average noise level 
was 49.7 dBA.  The variation in noise levels between the two locations 
is probably due to variations in traffic volumes as well as variations in 
other population-related activities. 
• The noise levels in the residential area are considered as the upper 
limit permitted by the Abu Dhabi Noise Standard for Il residential areas 
with light traffic l l during daytime and exceeded the upper noise limit 
during nighttime. However, the daytime noise levels at the downtown 
area were in compliance with the Abu Dhabi Noise Standard for 
Ilcornrnercial areas and downtownll with an average of 63 dBA. The 
night time noise levels however exceeded the upper noise limit of the 
standard during night time. 
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• The CO and 02 concentrations exhibit almost a similar daily average 
pattern, with three-peak values at 6:30, 18:00 and 23:00. Also, there was 
a strong positive relationship between the N02 and CO, with Pearson 
correlation coefficient (r = 0.74) . On the other hand, there was a lag 
between CO and 02 level and traffic volume. This indicates that 
there are other non-traffic sources of these pollutants such as 
commercial activities (like restaurants) . 
• The relationship between S02 level and traffic volume is weak. This is 
probably due to the low sulphur in the used unleaded gasoline. 
• Traffic has an influence on the PM10 concentration in the ambient air, 
although not all PM10 could have resulted from car emissions. 
• The BTX profiles show similarity in variation patterns among these 
compounds as detected at Al Ain Street Station. Such a profile is 
similar to that of road traffic variation, suggesting that these 
compounds originate from the same source (i .e . traffic vehicles) 
• There are strong positive correlations between the BTX compounds, 
with Pearson correlation coefficient (r) ranging from 0.85 to 0.97 at a 
significant level of 0 .01 . The strong mutual correlations among the BTX 
compounds suggest that they came mainly from a single source, most 
possibly traffic-related emission. However, other non-traffic sources of 
BTX such as cooking operations at the restaurants using kerosene may 
contribute to the levels of these compounds in the ambient air. 
• The actual concentrations for CO, NOx and PM10 were larger than the 
predicted ones. Larger actual concentration than predicted for CO, 
NOx and PMlO could be attributed to the presence of other sources 
beside traffic that contribute to their levels in the atmosphere. 
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• Th traffic in the downtown area of Al Ain contributes in the range of 
1 5% to 35% of CO, with an average of 25% .  The traffic also contributes 
in th range of 36% to 69% of NOx, with an average of 57% and it 
contribute only in the range of 0 .4% to 0.8% of PMlO, with an average 
of 0 .5% levels . The low conh·ibution of traffic to pollutant level (as is 
the ca e for CO and PM10) indicates that other sources play a major role 
in determining the ambient concentration of these pollutants in the 
downtown of Al Ain. 
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7.2 Recommendations 
Recommendations on Traffic management: 
• Further stud i necessary for a comprehensive investigation of the 
impact of traffic on ambient air quality in the downtown of Al Ain, 
e pecially after the recent modifications of changing the roundabouts 
to traffic signals and removing the bridge from the city centre. Such a 
tudy will be useful to assess the influence of the new modification on 
the local air quality .  
• I t  i recommended to develop proactive traffic management mitigation 
mea ures for Al Ain downtown area to manage traffic congestion and 
hence improve the air quality .  
• In talling traffic acount station in the downtown area for continuous 
monitoring of the traffic flow. This will help in the management of 
traffic congestion and hence reduce traffic related emissions. It will also 
help researchers focusing on traffic management and assessing air 
quality in the city .  
• Construct a shaded walking pathway system in the downtown area of 
Al Ain and encourage people to walk instead of using vehicles. Also, 
encourage people to use public transportation instead of private cars. 
These will help in reducing traffic congestion and hence decrease the 
emissions from vehicles. 
• Reduction of air pollutant emission from road traffic seems to be 
necessary which can be achieved through better vehicle control and 
maintenance and by mandating the use of catalytic converters in all 
vehicles, and the use of cleaner fuels such as natural gas and Liquefied 
Propane Gas (LPG). 
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• 
• 
Emi ions inventory of mobile sources in Al Ain should be undertaken, 
with future consideration given to expansion of Al Ain town and the 
potential decrease in the air quality as a possible consequence of traffic 
ll1crea e. 
A BTEX compounds are major pollutants from vehicle exhaust, there 
is a necessity to develop strict automobile emission standards in Abu 
Dhabi Emirate for such toxic compounds. Also, it is recommended to 
include the Ox and PM10 within ADNOC regular inspection of the 
e 'haust vehicles tests for the renewal of the vehicle l icense. 
Recommendations on Air quality management: 
• It is recommended to install continuous monitoring device at the 
current two stations for monitoring PM2.5, since this pollutant is 
currently regulated as one of the criteria pollutants and its effect is 
larger than PMlO due to its smaller size which could infiltrate deep in 
the lung tissues. Therefore, it is considered as an important indicator of 
risk to health from particulate pollution, and might be a better 
indicator than PM10 for suspended particles. 
• Further studies on the assessment of noise level in Al Ain are required, 
since most of the current noise measurements exceeded the noise 
• 
• 
standards l imits of Abu Dhabi Emirate. 
The international WHO standard for PM2.5 should be included within 
the air quality standards of Abu Dhabi Emirate. 
Expanding the present air quality monitoring network for better air 
pollution measurements which will help develop better control and 
allow epidemiological studies to assess the impact of air pollution on 
the population in the Abu Dhabi Emirate. 
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• EAD has established the Abu Dhabi Air Quality Website to provide 
e sential information related to the field of air quality including the 
online Air Quality Index color-coded system to help those who suffer 
from respiratory problems. But this service is only available on the 
internet webpage and not all the people have access to internet, 
e pecially the elderly and illiterates. Therefore, it is recommended to 
include the AQI information within the weather forecasts news on the 
TV, radio and newspapers in order to be available to all .  
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Appendix A 
International Ambient Air Quality Standards 
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US EPA Ambient Air Quality Standards (NAAQS) 
The US EPA has set National Ambient Air Quality Standards for six major 
pollutant , which are called "criteria" pollutants. Units of measure for the 
tandards ar part per million (ppm) by volume, milligrams per cubic meter 
of air (mg/ m3), and micrograms per cubic meter of air (/-lg/ m3) .  
Table A-I : US EPA Ambient Air Quality Standards (NAAQS) 
. . 
Carbon 
Monoxide 
Lead 
N itrogen 
Dioxide 
Particu l ate 
Matte r  
( P M  1 0 )  
Part icu l ate 
M atte r 
( P M 2 . 5 )  
Ozone 
Su lfu r  
D ioxide 
Primary Standards Secondary Standards 
9 p p m  
( 1 0 mg/m3) 
3 5  ppm 
(40 mg/m3) 
0 . 1 5  IJg/m3 
fill 
1 . 5  IJg/m3 
0 . 0 5 3  p p m  
- - ' 
8 - h o u r  ill 
1 - ho u r  ill 
Rol l i ng 3 - M onth 
Ave rage 
None 
- _ . 
Same as Pri m a ry 
_TQ u a rterly Ave rage Same as Pri mary 
.----�--�--�--����� A n n u a l  Same as Pr imary 
( 1 00 IJg/m3) (Arithmetic Mean)  
0 . 1 0 0  p p m  
1 50 IJg/m3 
1 5 . 0  IJg/m3 
35 IJg/m3 
0 . 0 7 5  p p m  
( 2008 std ) 
0 . 08 p p m  
( 1 997 std ) 
0 . 1 2  p p m  
0 . 03 p p m  
1 - h o u r  ru 10 . 0 5 3  p p m  iAn n u a l  
2 4 - h o u r  ill 
1( 1 00 (Arithmetic 
------
....;
I
:c-IJ=g/m3�a m e  :e:��a ry 
A n n u a l  ill 
(Arith m etic M e a n )  
24-hour  [2} 
8-hour ill 
8-hou r ill 
1 - h o u r ill 
Same as Pri m a ry 
Same as Pri m a ry 
S a m e  as Pri m a ry 
Same as Pri m a ry 
I Same as Pri m a ry 
(Arith m etic Mean)  ( 1 300 
A n n u a l  ---
-+jlo-. 5- p p m  3 - hour ill 
0 . 1 4  p p m  24-hour  ill IJg/m3) 
Source: (US Environmental Protection Agency. 201 0) 
( I )  "lot to be exceeded more than once per ) ear. 
(2) Final rule igned October I S , 2008. 
( 3 )  To attain this tandard, the 3-year a\ crage of the 98th percentile of the dail) maximum I -hour a\ erage at each monitor 
\"thin an area must not exceed O. I 00 ppm (efTecti\'e JanualJ 2 2 ,  20 I 0) . 
(4) . ot to be exceeded more than oncc per ) ear on a\ crage o\'er 3 years. 
( 5 )  To attain this standard, the 3-)ear a\'erage of the \\ eighted annual mean PM2.  5 concentrations from single or multi pic 
communlt) -oriented monitor must not exceed 1 5 .0  I1g/ m 3 .  
(6) T o  attain this standard, the 3 -year a\crage o f  the 98th percentile o f  24-hour concentrations at each population-onented 
monitor " ithin an area must not exceed 3 5  I1g/m 3  (efTective December 1 7 , 2006) .  
( 7 )  T o  attain this standard, the 3 -year a \  erage of the fourth-highest daily maxImum 8-hour average ozone concentrations 
measured at each monitor \\�thin an area o\er each year must not exceed 0.075 ppm. (efTecti,e May 27, 2008) 
( ) (a) To attaln this standard, the 3-)ear average of the fourth-highest daily maximum 8-hour average ozone concentration' 
measured at each monitor \\;thin an area o\ cr each year must not exceed 0.08 ppm. 
(b) The 1 997 standard-and the implementation rules for that standard-" ill remain in place for implementation purpo es 
as EPA undertakes rulemaking to address the transition from the 1 997 ozone standard to the 200 ozone standard. 
(c) EPA i· In the process of reconsidering these standards (set in March 200 ). 
(9) (a) EPA revoked the I -hour ozone tandard in all areas, although some areas have continuing obligations under that standard 
( "anti-ba<..kslidmg"J.  
(b) The standard is attained when the expected number of days per calendar year with maximum hourly a\ erage 
concentrations above O. 1 2  ppm i < 1 .  
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Table A-2: World Health Organization (WHO) Ambient Air Quality 
Guidelines 
itrogen d ioxide 
02) 
u lfur dioxide 
( 02) 
Particulate matter 
(PM I 0) 
Carbon monoxide 
(CO) 
Lead b 
( Pb) 
Source: (TVHo. 2000 & 2005) 
1 00 �g/m3 
40 �g/m3 
200 �g/m3 
20 �g/m3 
500 �g/m3 
20 �g/m3 
50 �g/m3 
1 00 mg! m3 (90 ppm)" 
60 mg! m3 (50ppm) 
30 mg! m3 (25 ppm) 
1 0  mg! m3 ( 1 0 ppm) 
0.5 to 1 .0 �g/m3 
8 hours mean 
Annual mean 
1 hour mean 
24 bours mean 
1 0  minute mean 
annual mean 
24 hours mean 
I S  min 
30 min 
1 hour 
8 hours 
Annual 
a )  The gu ide l ine is  to p revent carboxyhemoglobin levels i n  the b lood from exceed ing 2.5%, the va lues 
a bove a re mathematica l  est i mates of some of the co concentrations and averagi ng t imes at which 
t h i s  goa l shou l d  be ach ieved . 
b) The guidel ine for lead was establ ished by WHO in 1987.  
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Table A-3: ational Environmental Protection Measures (NEPM), Australia 
Ambient Air Quality Standard 
Pol/litom A "ertlgillg period 
------------ --- - -
Carbon monoxide 8 hour 
itrogen dio ide 1 hour I year 
Photochemical oxidants 1 hour 
(as ozone) 4 hours 
1 hour 
ulfur dio ide I day 
I year 
Lead 1 year 
Particle as PM 10 I day 
SOZlrce: EPC 201 0 (N 
}lIl1Ximlllll Goa/ withi" 10 yellrs maximum 
cOllcelltratioll allOlJlahle exceedellces - ------- --
9.0 ppm 1 day a year 
0. 1 2  ppm 1 day a year 
0.03 ppm none 
0. 1 0  ppm I day a year 
0.08 ppm I day a year 
0.20 ppm 1 day a year 
0.08 ppm 1 day a year 
0.02 ppm none 
0.50 flg/m3 none 
50 flg/m3 5 days a year 
Table A-4: Air Quality Standards for European Union 
COil cell trail 
Fine articles 25 110 m3 I year nla ( PM2.5) 
Sulphur dioxide 
(S02) 
itrogen dioxide 
(N02) 
3 5  
PM 1 0  nla 
Lead (Pb) 
Carbon monoxide 1 0  mg/m3 
Maximum daily nJa 
(CO) 8 hour mean 
Benzene 5 110 m3 I 1 nfa -, 
Maximum daily 
Ozone 1 20 flg/m3 25 days averaged over 3 years 8 hour mean 
Arsenic (As) �g/m3 
Cadmium (Cd) 5 
ickel i) 
1 ng/m3 
Pol)cyc lic Aromatic (expressed as 1 year nJa 
Hydrocarbons concentration of 
Source: (EC 2008) 
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Appendix B 
ADNOC Fuel Specifications 
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Table B-1 :  Unleaded Gasoline 95 (3400), ADNOC 
Property 
Appearance 
Colour 
Corrosion, Copper Strip 
(3 Hrs. at 50 ·C) 
Distillation 
Unit I Limit---j 
-------r------100/0 vol recovered at 
500/0 vol recovered at 
500/0 vol recovered at 
900/0 vol recovered at 
End point 
Residue 
Test Method 
Doctor Test IASTM D 4952 or IP 30 
Induction Period 
lead Content 
IWinter (Nov to Feb) 
Olefins 
Odour 
IASTM D 3237 or D 5059 or IP 224 
IOil factory 
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Table B-2: Unleaded Gasoline 91 (3291 ), AD OC 
Property I Unit limit I Test Method 
IVisual 
IASTM D 130 
------------ IASTM D 1298 or D 4052 
IASTM D 86 
I --
I 
IASTMC> 4952 or IP  30 
i------------- f AsTM D 381 
IASTM D 525 1 
ASTM D 3237 or 3341 
or D 5059 or IP 352 or 
I P  228 
IASTM D 2699 
IcalCulated 
,..------------r D 323---
ASTM D 1266 or UOP 
3S7 or ASTM D 3 120 
or IP 336 
ASTM D 
13 19/4420/5580 
• Anti Knock Index (AKI) IS average of Research Octane Nu mber (RON) & Mo or Octane Number (MON) 
Issued August 2006 
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Table B-3: Gas Oil 500ppm S (3400), ADNOC 
Property I Unit I limit I Test Method , - I IMin IMax I 
Acid Number, ITotal Strong Img KOH/g 10. 1 Ni l IASTM D 974 
IAPpearance 
Ash 
Particulate Contaminants 
Carbon Residue, ( 10% MCRT) 
Cetane Index , 
Cetane Number 
Cloud Point 
CFPP 
Colour, ASTM 
, 
Copper Corrosion (3  hrs, 50 °C) 
Density at 15 °C 
, 
Distillation 
I Filter Plugging Tendency 
Flash Point 
Ipour Point ( 1 )  
Total Aromatics 
Poly Aromatics Hydrocarbons 
Lubricity (HFRR) ( 2) 
Oxidation Stability 
Unhydrotreated Cracked Material 
Water Content 
I 
Imass ala 
!mg/ I 
Imass ala 
I 
I 
loc 
10 C 
I 
I 
Ikgll 
1900/0 Recovery at 
I 
IPMCC 
loc 
Imass ala 
, 
mass ala 
Imicrons 
19lm 3 
Ivol % 10/0 mass 
I IClear IVisual 
I lo .ot IASTM D 482 
I 120.0 IASTM D 6217 
I 10.2 IASTM D 4530 
152 I IASTM D 4737 
155 I IASTM D 613  
I I Report IASTM D 2500 or D 5773 
IReport IASTM 0 6371 / IP 309 
12.0 IASTM D 1500 
I 11 IA5TM D 130 
10.820 10.845 IASTM D 1 298 or D 4052 
loc 1357 IASTM D 86 
I 11 .4 IASTM D 2068 or IP 387 
loc 166 IASTM D 93 
I 10 IASTM D 5949 
110 I IASTM D 5186 or IP 391 
I fl  IASTM D 5 186 or IP 391 
I 1460 IASTM D 6079 or IP 450 
I 125 IASTM D 2274 
I Ini l  I By Declaration 
I 10.D2 IASTM E 203 
-, 
, Img/kg I 1500 IASTM D 2622 or D 4294 Sulphur , Total 
IViscosity at 40 °C Imm 2 /s 12.0 14.5 IASTM D 445 
, --
Note: ( 1 )  Use of flow improver a l lowed (2 )  Use of Lubricity add itive al lowed 
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